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Objectives as Determining Factors for Making a 
Course of Study in Junior High School Science 
Zay Barber, University of California. 
(Continued from the January number ) 

VI 
APPLICATION OF PRINCIPLES 

In the actual preparation of a course of study a whole group 
of people must participate, and the work of trying out the 
various parts, correcting, eliminating and improving must be 
a continuing experiment covering a period of years, perhaps 
even continuing indefinitely as conditions continue to change. 
This section of the thesis will show in a brief and merely su,- 
vestive way, the steps that a course of study committee will 
need to take in carrving out the ideas concerning course of 
study making that have been developed in the previous sections. 

First, the group must think out, or analyze, the activities 
of everyday life that demand science knowledge. This means 
the activities of the ordinary individual, not the man who 
uses applied science in his vocation. One such activity, for 
example, is health. There are many activities in which science 


functions because it is necessary for the proper guidance of 
the individual in the laws of health. The topies that might 
be placed in a science course under health science are those 


concerning the chemistry of food, drink, and air, the physics 
of heat, light and color, and electricity as it affects the human 
organism. Theu there would be the relation and influence 
of climate on health. The individual should also know some- 
thing of the structure and function of the parts of the body, 
at least enough to understand the processes of digestion, absorp- 
tion, respiration, circulation, and so on, and the function of 
the nervous system. [He should be acquainted with the elements 
of danger to which his body as an organism will be exposed, 
as communicable diseases, and harmful agents for the treat- 
ment of disease. 
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Every citizen uses his knowledge of science in the affairs 
of his home and community that call for attention from day 
to day. These include such matters as the water, light, and 
gas supply, the removal of wastes from the home and premises, 
telephone service, the building of streets, sidewalks, and high- 
ways, as well as railways, bridges, tunnels, ete., the handling 
of traffic, means of transportation, the work of the health de- 
partment, the building of public buildings, sanitation and 
ventilation. The citizen also has a part in various activities 
that are under the control of the government of his city, state, 
or nation; such as extermination of insect or animal pests, 
prevention of fire, preservation of wild plant and animal life 
and the like. 

Many practical activities around the home and garden eal] 
for a knowledge of science that may be simple enough in the 
acquiring and will save the householder from calling in the 
services of an expert. These include the replacing of electric 
fuses, repair of wires, small plumbing jobs, upkeep of tools 
and machines used in the home, garden, or garage. The work 
about the garden calls for some knowledge of climate, earth 
science, bacteriology, the habits of insects and animals, and 
methods of cultivation. 

To use all of the mechanical appliances that he comes in 
contact with does not mean that the individual user must have 
all of the knowledge that was necessary for the man who in 
vented or made them, but it does mean that he keep adding 
to his knowledge about the operation and care and mainten 
ance of them. 


The width and complexity of the science program should be 
directed by the width and nature of man’s environment. It calls 
for a balanced amount of all of the sciences and not for special- 
ized technique, but for vision.!* 


Charts or cards might be kept by the committee, on which 
the various activities are listed under appropriate headings. 
Then, as each activity is later taken care of in the course of 
study, it may be checked off the list. The cards would con- 
tain only the merest notes on each of the topics to be considered. 
The following are the kind of lists contemplated: 





17 Bobbitt, F. K. How to make a curriculum, p. 133. 
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Health. 
Foods, uses and care. 
Bacteria, action, prevention, and growth. 
Air, pure and impure. 
Water, pure and impure. physiological uses, hygienic uses 
bathing and laundry. 
Heat: humidity of air, effect of climate on health. 
Light, artificial and natural, the human eye. 
Physiology, respiration and circulation, digestion and absorp- 
tion, elimination of wastes. 
Hygiene, of skin, teeth, air passages, ete. 
Kxercise and sleep. 
Mental hygiene. 
ITome. 
Gardening, soil content, plant food, capillary action, plant strue- 
ture, plant habits, insect pests, birds. 
Household pests, flies, etc. 
Sanitation of premises. 
Preservation of trees and birds. 
Electrical devices. 
Automobiles. 
Radio. 
Musical instruments. 
Plumbing, lighting and heating. 
Tools and machinery. 
Advertised preparations for household use. 
Toilet articles, cosmetics, ete. 
Patent medicines, drugs, intoxicants. 
Safety devices. 
Cwic Affairs. 
Pure water. 
Pure milk. 
Pure food. 
Sewage and garbage disposal. 
Highways and streets. 
Public buildings, ventilation. 
Preventable diseases. 
Drainage. 
Traffic problems. 
sridges, railways, tunnels. 
Fire department. 
Intellectual Activities. 
The Heavens, solar system, stars, earth’s movements. 
Evolution, the history of man’s development. 
Developments it 
General reading. 
Superstitions and fakes. 


science. inventions and discoveries. 








152 GENERAL SCIENCE QUARTERLY 


After making as comprehensive a list of the activities that 
demand science teaching as they feel is necessary, but before 
deciding which of all these activities can be made use of in 
the course in junior high school science, some sort of criteria 
must be chosen to judge them by. ‘That is, only those should 
be chosen which will contribute to whatever purposes are set 
up for science instruction. Obviously the science instruction 
should contribute as far as possible toward the realizing of 
the general objectives of all education. Many lists of such 
objectives have been made and it not necessary to review them 
here. The most widely accepted has been that made by the 
National Education Association Commission on the Reorgan 
ization of Secondary School Education. They set down the 
main objectives of secondary education as: (1) Health, (2) 
Command of the fundamental processes, (3) Worthy home 
membership, (4) Vocation, (5) Citizenship, (6) Worthy use 
of leisure, (7) Ethical character.'® 

Accepting the objectives, a determination must be made as 
to whether the aims set up for science teaching are aims that 
will aid in the realizing of the objectives. Thus, using the 
aims for science teaching given on page 8, a scheme similar 
to the following would be worked out. 


Objectives Aims 

a Oe To train in laws of health and personal 
hygiene. 

Command of funda- 

mental processes.....To discipline the mind in the scientific 
method of thinking. 
To learn to solve simple scientific problems. 
To learn to generalize. 
To learn to see things and relations clearly 
and accurately. 
To develop easily comprehended scientific 
theories. 

Worthy home- 

membership.........T’o teach how to use the products of science 
intelligently and economically. 
To give the scientific knowledge necessary 
for preparation for life activities. 
To learn to depend less upon hired special- 
ists in work-a-day science. 

48 Cardinal Principles of Secondary Education. Bureau of Education 

Bulletin, No. 35, 1918, p. 9. 
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Objectives Aims 


To stamp out superstition and fake. 


To interpret personal life. 


Citizenship......... To understand the achievements of science. 
To interpret the social environment. 
To explain natural phenomena. 
To get an over-view of the field of scien 
To create proper social-civic ideals. 


Worthy se of 


leisure Serer rre reo S. To enjoy pure science. 
To gain the aesthetic, intellectual and moral 
benefit of science training. 
To lay a foundation for further scientific 
study. 
To explore the child’s interests, aptitudes, 
and capacities. 
To develop interest in and appreciation of 
nature. 
To learn to use and enjoy the products of 
science. 
To encourage recreative interests. 

WOOK i s5s0 co xedes To give practice in the experimental pro- 


cesses by which scientific principles are dis 
covered and established. 

To gain practical advantage through science. 
To reveal the possibilities in the major fields 
of science, 

To interpret American industrial life. 

To show the possibilities of being a worke 


in the field of science. 
To give a mastery of scientific facts useful 
for later economic-vocational activities. 


Ethical character....To learn through science, order, economy, 
foresight, efficiency, and the frank facing of 
facts. 

To train in right habits, and develop desir- 
able ideals, tastes, and appreciations. 


Some of the aims seem to fall under more than one of the 
headings, and the arrangement here is purely a matter of 
personal judgment. The point is that the aims of science teach 
ing do contribute to the larger objectives set down for all 
education. 

Those are general aims. The next step is for the committee 
to determine the more immediate and specific aims and list 
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the activities that can be made use of under each of the special 
aims. There will be long lists of these special aims and still 
more numerous will be the aetivities leading to the fulfillment 
of each aim. Charts of these aims, objectives and activities 


may be prepared, showing just how each of the activities finds 


its place in the scheme. The chart given illustrates this point 
Objectives limes telivities 

Worthy home- ‘lo be an efficient mem- Heating and ventilating 

membership ber of the home. the home. 
To co-operate in the Sanitation of premises. 
care of the home. Extermination of house 
To understand the me- hold and garden pests. 
chanics of the house- Preservation of trees 
hold appliances. and birds. 


Taking care of animals. 
Using electrical and me- 
chanical devices. 

Using and caring for 
household and garden 
tools and machinery. 
Using and caring for 
musical instruments. 
Using plumbing, _heat- 
ing and lighting _ fix- 
tures, 

Using household chemi- 
cal products. 


The activities listed have been normal adult activities, and 
it is the purpose of the course of study to show what the pupils 
can be given as know'edge, and what they can be taught to do, 
that will bring them to the point where they ean effectively 
carry on these activities. So, for each activity there must be 
worked out a list of standards of attainment for the pupils. 

For the nse of the course of study making groups in Berkeley, 
Mr. Hl. B. Wilson made social efficiency the aim of all edueation. 
For each phase of social efficiency there are necessary outcomes 
in the form of knowledge to be gained, habits and skills to be 
developed, and attitudes to be ineuleated. 

The Oakland Course of Study in seience for the Junior High 
Schools gives under each topic a list of knowledges and skills 
to be acquired. Ideas from both the Oakland and Berkeley 


plans have been used in preparing the following chart, in which 
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the Standards ol Att linment for each topic are divided i to 


Knowledge, Skills, and Attitucles, It Is not intended that 
this chart should be complete for the topic suggested. The 


topies are largely borrowed from the Oakland Course of Studs 


STANDARDS OF ATTAINMEN' 


lelivity K nowledae Nieills tftitudes 

Heating and To know thr To clean a To desire 

ventilating elements neces stove and build efficiency, 

home. sary for burning. a fire. economy, and 
To know com To regulate safety, in the 
pounds and draughts. heating and 
elements. To eare for the ventilating of 
To understand heating plant. the home. 
kindling tem- To ventilate 
perature. a room, 


To have a work- ‘To use a thet 
ing knowledge mometer. 

of convection To read a gas 
currents, oxida- meter. 

tion, chemical To regulate a 
action, fuel, hu gas flame. 
midity, gas, 

liquid, solid: 

condensation, 

evaporation, 

expansion. 

To know damp 

er, flue, grate. 

To know the 

danger of car 

bon monoxide 


poisoning. 


Franklin Kx. Bobbitt, in his work for the Los Angeles school 
system, developed the course of study by analyzing activities 
and seleetine certain abilities that were necessary for each 
activity. His list of abilities is very long, each one being given 
in detail. One topic, with its corresponding abilities, is give 
here as suggestive of another method of procedure that might 


he used. 


Bobbitt, F. I How to Make a Curriculum, chaps >and 8 
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ACTIVITY : 
Health, the maintenance of physical efficiency. 

ABILITIES: 
Planning of proper diet. 
Use of proper methods of ventilation to obtain oxygen. 
Understanding of functions of muscles and their eare. 
Understanding of functions of nervous system in body control 
and health, both mental and physical. Importance of relaxa 
tion. 
Understanding of function of sleep and conditions contributing 
to most effective sleep. 
Understanding of micro-organisms and methods of preventing 
their attack, or caring for their products in ease of attack. 
Understanding « 


f precautions against spread of disease. 
Understanding of dangers from dust, smoke. or gases. 
Understanding of factors involved in maintaining proper body 
temperature. 

Knowledge of proper clothing. 

Knowledge of proper personal cleanliness. 

Knowledge of function and proper care of organs for elimination 
of wastes from the body. 

Knowledge o 


' proper use of sunlight in relation to the body. 
Knowledge of how to avoid preventable accidents. 

Knowledge of first-aid treatment for common accidents. 
Knowledge of proper care of teeth, eyes, ears, throat, skin, hair, 
scalp, finger-nails, feet. 

Knowledge of function and care of heart and blood vessels. 
Knowledge of sex functions and their control. 

Desire to be well informed on new discoveries concerning health. 
Knowledge of home care of sick under physician’s direction. 
Knowledge of how to maintain proper working conditions. 


Instructional units and arading. 

After the material to he taught has been selected and the 
activities and standards of attainment agreed upon, the course 
of study committee have still before them the task of arrang 
ing this material into suitable topics of study, or units under 
which the topics are to be presented, and determining in what 
erade each topic shall be taught. 

It has been said that the arrangement should be psycho 
logical, rather than logieal. That is the topies given in each 
grade should be suited to the psyebology of the children in that 


grade. This matter cannot be arbitrarily settled. Kach topic 


will need to be suited to the needs of the particular group in 








Opsecrives Aas Dererminina Factors L157 


which it is to be given, and these needs will depend on the 
intelligence of the members of the group and to a certain 
extent on local conditions. 

At first the committee may be guided by their knowledge 
of the interests and capacities of the children in determining 
how to grade the material. In selecting from the large amount 
of material available they will be guided by the importance 
of the subject matter in the lives of the children, both now and 
in the future; by the use of the material in life situations; and 
by the difficulty of the topies. 

The children’s interests and difficulties will be known to 
experienced teachers by the type of questions that they ask. 
Knowledge of adoiescent psychology is valuable in making the 
selection of topics and assigning the topics to the grades. In 
the long run, the suitability and usefulness of certain topics 
can be determined only after they have been tried in the class 
room and actual results, suecesses or failures, observed. For 
that reason, the first arrangement or grading of the material 
must be considered as a matter for adjustment; it will be 
subject to correction and revision. Indeed, the topics selected 
may prove on trial unsuited for the realizing of the aims set 
up. So it is only after several committees have worked on 
a course of study, and revisions and corrections have been 
made, that it will become a rich and fruitful course of study. 
Taking advantage of the child's activities. 

In attempting to realize the aims of junior high school science 
all of the best and most medern practices in instruction shou!d 
be resorted to, and it is part of the requirement of a good 
course of study that it should suggest what these practices are 
and show at what point in the course each may best be used. 
The child’s own interests and abilities should be taken into 
account, and whenever possible he should be allowed to arrive 
at the desired outcomes by some sort of project and problem 
activity that he can direct for himself. Advantage should be 
taken of all sorts of things that the child normally does and 
likes to do. This is the idea underlying such science activi 
ties as field trips, summer collections, inspection of industrial 
plants, public works, construction and exhibits, the handling 
of electrical and mechanical devices at home, use of demon- 


stration material, use of lantern slides and moving pictures, 
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science clubs, science projects, science assemblies, science bulle- 


tin board and question box, reports on interesting articles, and 


the correlation of science with other school subjects. 


Some of the normal and conerete activities that science 


teaching may make use of are given in the following list: 


l. 


~) 


» 
) 


im 


13. 


Using things. 

Seeing things work. 

Controlling things—care and adjustment. 

Explaining things. 

Solving problems that come up in the child’s experience. 
Using out of school activities. 

Observing scientific things in their natural setting and not 
at school. 

Observing in the laboratory to prepare for outside observa- 
tion or elaborate on phenomena observed outside. 
Observing by charts and pictures. 

Learning by reading more about things observed, distant 
things, past ages, and the history of scientific discoveries. 
Solving problems that are based on the general principles 
learned, and involving accurate methods and _ scientific 
thinking. 

Telling about things—learning to express scientific knowl- 
edge accurately. 

Correlating science with other departments of school work. 


Further suggestions as to how these activities may be made 


use of are given in the following pages. 


hs 


Using things. 


Some of the things that the child uses at home and at school 


and 


that mav be connected with his science instruction, are 


the telephone, radio, cooking and heating stoves, lights, phono- 


graph, vacuum cleaner, electric devices, tools, his mechanical 


tovs, skates, bievele, coaster, water faucets, heating tank for 


water, flush tank, various applications of the pulley, springs, in- 


clined plane, gears and cogs, and devices using air pressure, as 


the siphon, medicine dropper, fountain pen, suction caps and 


non- 


skid tires. At school, in the laboratory, he learns to use 


the gas burner, scales, thermemeter, barometer, various clamps 


and 


holders. and measuring apparatus. Thus, concurrently 
Dy ; 


with his knowledge of underlying principles, is he developing 


a set 


of skills that will serve him later. He is finding out 


that the same natural law may be used in many applications, 


and he is very likely t 


» trv out devices that he has himself 


—~ 
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thought of that are variations of what he has seen and worked 


with at home and in the laboratory. 


2. Seeing things work. 

If there is a scissors’ grinder in the neighborhood, if a piece 
of construction is going on, if the plumber or the electrician, 
or the telephone “trouble man” is in the house, the children 
are there also, and eager to see things work. The baby’s de 
sire to see the wheels go round continues as lone as there are 
new sorts of wheels to watch. This instinct of the child will 
keep his mind alert as he begins to learn through his school 
instruction just what things to watch for and how to explain 
to his own satisfaction, and the satisfaction of his playmates, 
what he sees. 

This desire of the child makes useful the plan of taking 
children on excursions to factories where they may see things 
made; to public works, where they may get first-hand infor 
mation about the water supply and the lighting systems of the 
city; and on trips by motor, by rail, and by water, so that they 
may be familiar with the various means of transportation and 


ways of developing power. 


3. Controlling things. 


The desire to master and control things is another of the 
child’s interests that may be taken advantage of in the course 
of science. Each new toy that a child receives presents a 
new problem in control, and when he has mastered it he is 
ready for a new toy. In his school work the child mits control 
not only the simple machines and apparatus that he handles, 
but he may begin to learn hew man exercises control over 
plants and animals. His gardening experiments will show him 
the way in which man controls plants, by giving them the kin-| 
of environment that they need. His observations of his animal 
pets show him the life habits and functions of the organs of 
animals. He will learn, by earing for pets, the influence 
proper diet and cleanliness, and can make generalizations ap 


plying to his own life. 
4. Explaining things. 


The child who has dene something and has results to report, 
who has learned about some special thing to satisfy his 
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own or his friend’s curiosity, willingly and with interest gives 
his report. This is a very different sort of lesson than is that 
of the child who has learned in a formal way a set of prin- 
ciples or facts because they happened to be a part of the 
chapter in the particular book that was in use in his class. 
Monday morning always brings a fresh supply of things to 
be explained in the science class, because over the week-end 
some child has surely seen something or been somewhere that 
he is anxious to tell about. 


v. Se 1ving proble ms that come Up in the child’s Cr pe rue nce, 

The child’s questions, representing problems that come up 
in his own experience, have been used by several writers as 
the basis for a text book in general science. Such questions 
should have a place in every science program. If the child 
finds that his questions cannot be satisfactorily answered, then 
he will feel that his science class is not what he hoped it 
would be. 

Many of the questions that children ask are about the way 
in which things work, or what makes things happen as they do. 
But they also bring in results of their own experiments to be 
explained, and all sorts of questions relating to radio, moving 
pictures and things that they read about in the daily papers 
and in the magazines. It is not expected that teachers will 
be able to answer all of these quesions. The point is to guide 
the children to the right sources from which they may obtain 
the answers for themselves, or to show them that in order to 
answer the question wiser people than they have given years 
of study. 

6. Using out-of-school activities. 

Outside of school hours, hoys and girls have their life of 
play and work, and it is filled with activities that may be 
taken advantage of by the science teacher. The Boy Scout 
und Campfire movements are full of situations of this kind. 
The boy who is working for a merit badge, or the girl who is 
working for an honor, is pleased to find that in his science 
class he can make use of his knowledge of trees and stars and 
birds, his first-aid and safety-first training, and his gardening 
and animal raising activities. In turn the science teacher can 
aid him in his study for honors and give him school eredit for 
such work. 





nn 
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Today many boys and girls have tovs that are scientific in 
nature, such as mechanical sets like **Meccano” and “Erector,” 
electrical outfits, chemical sets, radio sets, weather bureau out 
fits, surveying sets, microscope sets, experiments with magnet 
ism, light, heat, sound, air, water, and so on. Morris Meister, 
of Teachers College, Columbia, made an experiment with dif 
ferent groups of pupils to find out the results, educationally, 
of play with SC1e) titie toy Ss. He found that the group that had 
both teaching and plax was superior in all of the tests given 
to the group that had only teaching, and also that the group 
that had only directed play was superior to the group that hal 
only teaching. 

The manufacturers of these outfits publish magazines, to 
which many of the b Ys subseribe. These magazines print the 
boy’s name and address, his picture if they can get it, his 
letters, and describe new experiments and answer questions. 
They offer prizes for the best construction and best experi 
ments and give degrees of merit. As Dr. Meister says: “It is 
hard for adults to appreciate what the International Society 
of Mecanno Engineers can mean to a boy, or to regard with a 
boy’s mind the Gilbert Institute of Engineering, or the Chem 
craft Chemist Club of America. To receive the degree of 
‘Erector Master Engineer’ means quite as much to the boy as 
the LL.D. or Ph.D. will mean later on,—perhaps more.”'® 
<i Observing scientific things in their natural setting. 

The observing of scientific things in their natural setting 
and not at school may be done by the children independently, 
as well as in groups when they are taken on excursions. They 
will bring in many reperts of their own observations, but they 
should also have directed excursions for the purposeful study 
of scientific objects or processes. This will include studies of 
topography, shore life, trips to observatories, zoological gar 
dens. museums, ete., as well as the usual flower and bird trips. 
Such trips help immeasurab!y in clarifying the child's ideas, 
and give the teacher a chance to review and discuss principles 


taught. 





19 Meister, Morris. Educational value of scientific toys. General Science 
Quarterly, vol. 7, p. 167, Mar. 1923. 
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8. Observing in the laboratery. 

Laboratory observations leading to some conerete application 
of a principle outside of school, as experiments on heat to help 
in the interpretation of the home heating system, the hot water 
tank, or electrical heating devices, connect up the method of 
science with its applications. Through such exercises the pu- 
pils see how scientists have worked for the proving of laws, 
and toward the great scientific discoveries and inventions. 
Through these experiments also the laboratory technique that 
the pupil will need if he continues his science work, may be 
developed. 

9. Observing by charts and pictures, 

The place of visual instruction in schools is becoming more 
and more important. Nowhere in the eurriculum is there 
greater opportunity for presenting material by means of pic- 
tures and charts than in science. The children see at the 
movies countless films showing processes of manufacture, and 
animals, plants, etce., in their natural setting. The difficulty, 
in school work, is the expense of getting the slides and films. 
Mr. J. W. Wilson, formerly head of Visual Instruction for the 
Detroit schools, has prepared for the United Projector and 
Film Corporation a set of sixty-four reels organized into a 
basic course in science. 

The projection of ordinary text-book diagrams and pictures 
on a sereen in the class room is especially valuable as an aid 
in elementary science work. 


10. Learning by reading. 

Among the countless numbers of books on science written 
for children can be found books on almost every subject studied 
in the junior high school course. The test books and the 
courses of study have bibliographies of these and the schoo! 
libraries are rapidly becoming supplied with the best of them. 
Boys especially delight in the books that tell them how to do 
things, books of scientific magic, radio, inventions, and the 
lives of scientists. 

Children pore over the science magazines of the day, such 
as Popular Science Monthly, Science and Invention, Nature 
Magazine, Popular Mechanics, The National Geographic, an: 
the various radio, automobile, and outing magazines. This 
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reading should not be overlooked, and is generally taken advan 
tage of by the science teacher in a weekly discussion period, 
or in the science elub period, 

Posting of articles clipped from newspapers and magazines 
on a bulletin board is an incentive to the children to do researeh 
work of this kind, and also offers an opportunity for teaching 
how to distinguish the true from the false in the material that 
appears in the newspapers, especially the Sunday supplements. 
11. Solving problems. 

A science problem, something that the child ean work out 
for himself, based on the scientifie principles he has learned, 
and involving accurate methods and scientific thinking, is the 
best possible test of a child’s progress and his grasp of the 
work he has covered. Such problems may be set by the teacher 
as a class exercise, or the child may choose his own problem 
and solve it under the teacher’s direction, if he needs aid. 
This type of work links up with several of the topies alread) 
discussed and is of great importance in the method of teaching 
junior high school science, which it is not the purpose of this 
paper to discuss. 

12. Telling about things. 

Adolescent children like to display their knowledge and they 
get a good opportunity in the science class. Discussions in which 
2ach child tells about something he has read, or seen, or heard, 
or done—socialized recitations—are the great clearing house 
of the science class. Here the teacher can correct misinterpre 
tations, superstitions and wrong concepts, and the children 
learn to have a scientifically critical view point, and to analyze 
their experiences in the light of their scientific knowledge 
More important still, they realize their inability to explain 
things, and thus get the value of research and of knowing how 
to find answers to their own questions. Learning to express 
things accurately also tends to curb the tendency to “romance” 
which is sometimes present in adolescents. 


13. Correlation with other departments. 

Correlating science with other departments is really an 
activity for the entire teaching force rather than for the child. 
The science department will be able to furnish exhibits for 
other departments, speakers for club programs, demonstrations 
for assemblies and the like. In a well organized system teach- 
ers of social studies, home economics, manual arts, and science 
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can work out many topics together and get a great amount of 


correlation. 
Summary. 

Charters says in his rules for curriculum making: “Collect 
the best practices of the race in handling these ideals and 
activities.” This means that the method of teaching a subject 
must be considered in making a course of study for that sub- 
ject. It is, therefore, important to have in mind the points 
in the method of teaching junior high school science that have 
heen noted here. Suggestions similar to these should be incor- 
porated in the course of study in such a manner as to show 


+ 


at what point they may be used most effectively. 
Other things the course of study should contain. 

To be of greatest use to the teacher is the function of the 
course of study. Therefore it should contain, in addition to 
the list of topics to be taught, properly organized and graded, 
any further suggestions that will simplify the work. The fol 
lowing points should have consideration: 

(a) Suggestions concerning special teaching helps that may 
be used and where they may be obtained. This section of the 
course of study would contain lists of available charts, slides, 
films, or models, and lists of books and magazines of special 
use to teachers. 

(b) Lists of books for the use of the pupils, properly classi- 
fied and graded. It is helpful if such lists are supplemented 
by the opinion of the members of the course of study commit- 
tee as to the special usefulness of cach book, and the character 
of the material it contains. 

(c) Lists of the materials needed to carry out the work out- 
lined and the sources from which they can be most easily 
obtained. 

Accurately made lists of this kind are immensely useful, 
especially to new teachers in a system, and the committee should 
make them as complete as possible. 


VII. 
SUMMARY, 

It has been found, on studying the curricula of the secondary 
schools of today, that considerable reconstructing is voing on. 
This is necessary beeause conditions today deman« a different 
sort of curricula from that of the traditional secondary schools. 
In the effort to make the schools of greatest service to society 
the six-three-three plan, allowing a three-vear junior high 
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school and a three-year senior high school, has been inaugu- 
rated in many places. This means further revision of cur- 
ricula, and a resulting need for new courses of study. 

In the making of new curricula every effort has been made 
to take account of the individual differences of children and 
allow for the election of subjects at an earlier age than for- 
merly. Thus the child of junior high school age is aided in 
discovering his special interests, aptitudes and capacities. The 
characteristics of the child of adolescent age have also been 
studied, in order to suit the methods of instruction, and the 
activities demanded, to the pupil. The junior high school 
organization allows for the development of situations as nearly 
as possible like those found in life, and thus trains the pupil 
in a kind of conduct that he may find useful later on. 

Science instruction may be of great use in realizing the aims 
of the junior high school. There are many phases of the sub- 
ject and through it most children may discover interests lead- 
ing either to a hobby or a vocation. The simple sort of science 
that is advocated for children of this age also brings to them 
much valuable information about themselves and the world 
about them. Giving a general view of the field and teaching 
the children to think and solve their own problems constitutes 
the greatest contribution of science to junior high school educa- 
tion. 

To make a course of study that will embody those phases 
of science which contribute to the general aims of science in- 
struction and to the aims of the junior high school, will require 
vareful, systematic and intelligent work on the part of the 
teachers making the course. It demands knowing the needs 
of the school, knowing the aims of science instruction, and 
knowing how to find the activities that will aid in realizing 
these needs and aims. It demands knowing how to organize 
these activities into a progressive course, with each part graded 
to the ability of the children. It demands a knowledge of 
methods suited to the junior high school age. It demands 
the recognition of individual differences in the intelligence of 
children. 

No one person, nor any one group of people, can hope to 
make a satisfactory course of study. It is only by making the 
work a project for several groups, extending over a period of 
several vears, that an approach to an ideal course may be de- 
veloped. In this study the fundamental material for the earrv- 
ing out of such a project has been presented. 
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VII. 
CONCLUSION, 

It would be possible to write a thesis on objectives as deter- 
mining factors for constructing a course of study in junior 
high school science without giving so much basic material, 
but it is felt that including this material will give a better 
understanding of the problem to the group for which it is 
intended. 

Section VI could have been made the entire thesis, as the 
first part is really a study ef problems preliminary to it, and 
all necessary parts of the first sections could have been included 
as explanatory material in section six. 

However, since it would be necessary for a course of study 
committee to have this background, and since it would have 
been impossible to write the thesis without having made this 
preliminary study, the report of it has been made complete, 
with the idea that if the thesis ever did become useful to a 
course of study committee, the preliminary study would be 
essential. If objectives are to be used as determining factors 
for constructing a course of study in junior high school science, 
the individuals who are to do the constructing should under- 
stand what the nature of these objectives is and the nature of 
the school in which they are to be used. 

Considerable material has been presented which overlaps 
from one section to another. This is beeause the effort has 
been made to make each section complete in itself. There is 
a vast amount of bibliographical material to go over in getting 
the information on the nature of the junior high school. The 
same is true regarding science in the junior high school. Both 
have had recent rapid development and much has been written 
on each subject. Therefore the sections bearing’ on each topic 
have been made fairly complete in themselves. 

In order to work intelligently on the problem of making a 
course of study for junior high school science, more is needed 
than simply a knowledge of science, or of how to teach science 
effectively. A good nature study teacher, or a good teacher 
of general science or of biology would not necessarily be able 
to make a satisfactory course of study for junior high school 
science, if she set out to do it without special study of the 
factors involved. This thesis has endeavored to show what those 
factors are, as well as how to use them in making the course 
of study, 
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The Science of Common Things 


Josermu R. Lunt 


Mechanie Arts lligh School, Boston, Massachusetts 


I. What do the Blazing Logs Say ?* 

Come, mv little friends, let us eather round the fireside 
this winter’s evening. I want you to be warm and comfort- 
able, and I want to see the firelight shining from your bright, 
smiling faces. Come John, come Mary, pile on another log so 
that we may watch nature’s meving picture unfold—not make 
believe but real—and listen as she reveals the wonder story 
of magic changes that mean so much in vour lives and mine. 

Look—See those waving tongues of yellow flame go roaring 
up the chimney. Do you know what they are? They are the 
tongue of a mighty giant, who can help us or destroy us, our 
best friend or our worst enemy. Watch him. Don’t let him 
escape or he may destroy your home and you with it, even as 
before he has destroved thousands of beautiful homes and dear 
children And he is a good viant too. He cooks our food and 
keeps us warm. He runs our factories, our steam engines 
and ocean liners. He helps make electricity to light our homes, 
to wash our clothes, and to carry us back and forth to school 
each day. The blazing log is a gas factory. Gases are driven 
out of wood by heat, and burn with vellow flames. But listen. 


Nature is whispering to us another secret. Don't let these 
gases burn. Keep air away from them. Store them in great 


tanks. Then you can send them through pipes to vour home 
and mine, so that we may use them in our heaters, gas ranges, 
and Welsbach mantles. 

Bang. There goes a spark. Look out. It’s burning the rug. 


What made that bang? Another mighty giant escaped from 


his prison. And he is a good giant, too, if you make him be 
have. Put him in the evlinders of vonr automobile and he 


directs his powerful thrust against each piston to make it go. 


But men have used him for evil purposes—to destroy one an- 
other. They have put him into steel tubes—guns and cannon 





* Radio Talk to Boys and Girls, Station WEEI, Big Brother Club, Monday, 


January 25, 1926. 7.00 p. m., 
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und torpedoes—and trained him to burst forth with sudden vio 
lence, and kill and maim. Wood is made of thousands of tiny 
rooms, or cells, with little pipes between them. At times the 
pipes become clogged, so that the gases formed by heat, cannot 
escape. These gases keep pushing harder and harder until they 
burst forth from their prison walls with a bang, scattering 
burning pieces of wood, or sparks, in all directions. 

What did you say, Marjorie? What is that brown liquid 
oozing out of the log? Oh, you mean that dirty looking stuff ¢ 
Don’t be deceived. That is only one of Nature’s tricks. She 
often hides beautiful things beneath the surface, for with her, 
real beauty is more than skin deep. That dirty brown liquid 
is one of the most wonderful things in the world. It vields 
powerful explosives to destroy us or soothing medicines to make 
us well. The chemist, with his magic toneh, transforms it into 
the bright colors of the rainbow, the fragant perfume of the 
rose, or the sweetness of honey. 

Look children. One end of the blazing log has changed from 
white to black. What is the black stuff? Oh, that is one of 
nature’s greatest elements, the foundation of all living things; 
trees and flowers and birds and beasts and insects, and even 
you and I. You see it almost every where. In dust on the 
window sills, in your coal bin, in the food you eat, in your 
pencil, gas range, oil heater, automobile, and garden soil. 
That black substance is carbon—the basis of Dame Nature’s 
strange magic—altered by her to a thousand forms and shapes, 
from the muck of the swamplands, to great layers of coal hidden 
for centuries and centuries underground, and even to the 
precious diamond erystal sparkling with the reflected colors 
of the rainbow. 

And now the yellow flames are gone and we see a pile of 
red coals, glowing with radiant warmth and cheer, the red coals 
are lumps of burning carbon. But look closer, my little 
friends. Do you see those tiny blue flames? Very pretty, you 
agree, But once more, do not be deceived. Let us look below 
the surface. Here we have another trick that Dame Nature 
like to play. She frequently hides bad things under beautiful 
surfaces to tempt us and to lure us on. Those blue flames are 
tongues of deadly serpents, just waiting to catch you if you 
don’t watch out. Now you all know that fire needs oxygen to 


help it burn, and that oxygen is: taken from air around us. 
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When there is plenty of oxygen present to help carbon burn, 

every tiny particle of carbon simply grabs two tiny particles 

of oxygen and changes to a harmless, colorless gas, called 

carbon dioxide. But, what happens when there is not enough 

oxygen to go around? Why, the same thing that happens when 

there isn’t enough candy to go around? You take only one 

piece, and vou are lucky to get that. So with carbon, when 

there isn’t enough oxygen to go around each tiny particle can 

grab, not two, but only one particle of oxygen and as a result 

changes to an entirely different colorless gas, carbon monoxide 

which is a deadly poison. If this gas burns with its pretty blue 

| flame, there is not danger, for each particle of carbon monoxide 

may grab a second particle of oxygen and change to harmless 

carbon dioxide. The real danger comes when the deadly gas 

escapes unburnt. Tell father, and big brother to open the 

garage doors when they start the ear. When vou check the fire 

in your stove or heater never completely close the smoke pipe 

dampers. Turn off the burners of the gas range when you go 

to bed. Watch the deadly serpent, earbon monoxide. Don’t let 
him eseape and do you harm. 

Br-r-r-r. It is getting chilly. The fire has gone out; only 

a few black cinders left and a handful of gray ash. But my 

little friends wait just a moment. The big log piled on the 





fire has disappeared. Where did it 20 ¢ Nature touched it 
| with her magie wand and it vanished from sight, borne upward 


by invisible wings—-out the chimney, and into that great sur- 





rounding reservoir, the atmosphere, Lost? No. Nature does 
things for a purpose. That log will come back to quench your 
thirst and satisfy vour hunger. It will give vou water and 
food. Now I can see you smiling at me. But listen, water is 
made of two gases, hydrogen and oxygen. Wood contains 
hydrogen, the gas that is sometimes put into toy balloons to 
make them rise. When wood burns, two tiny particles of hy- 
drogen grab hold of one particle of oxygen in air to make 


water. Fire is wet. Don’t you believe me? Well, vou can 
prove it for yourself. Take a common drinking glass. Be sure 
it is drv and clean. Now hold the glass upside down. Light 
a match, and hold the flame just under the mouth of the glass. 
Watch the inside. Do vou see the film of water? Rub your 
finger over the surface. Wet, isn’t it? Tens and tons of water 


are given off by burning fuels in the same way; from chimneys 
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of homes and factories, from exhaust pipes of automobiles, 
from the burners of your gas range, and even from the fuels 
that burn in vour own body. 

But how ean burning fuel give us food to eat? Oh, that is 
a longer story—too long for this evening. The next time we 
sit together before the blazing logs, vou may wish to hear an 
other wonder story of how fire gives us good things to eat; 
apples, and grapes, and bread and sugar and candy. And now, 
my dear little friends, good night. 


Il. “A Green Leaf — The Food Factory of the World’’* 
Come, my little friends, gather round. Ilave you seen Dame 
Nature today 4 What, you haven't seen her, not even in a single 
one of her changing shapes and forms? Didn’t vou see her 
this morning in the orange you ate for breakfast, in delicate 
frost pictures on the window-pane, in glowing colors of the sun- 
rise, in the crisp chill of winter air, in the white expanse of 
snow, or in the sleeping buds of maple and elm? LOOK! 
There she is now, inside your radio set, leading the merry 
dance of millions of tiniest fairies—the dance of electrons 
and now she is hopping right out of your loud speaker and re- 
peating to vou every word I sav. Get acquainted with nature. 
Listen to her teachings. Try to understand her laws. For you 
and I are nature’s children. She brought us into the world. 
She guides our steps along life’s pathway and in the end she 
takes us away. But I'll bet nature tells vou lots of secrets she 
won't tell me. I want vour help. Promise to write me a nice 
letter, so that I can read it to thousands of eager girls and boys. 
What about? Oh, anvthing—about the sea shore or mountains, 
rivers or singing brooks; about blue birds and buttereups and 
grasshoppers; about the sun and his family and the distant 
stars; about raindrops and snow crystals and fleeey clouds; 
about the giant genie, Electricity ; about the world of invisible 
things, yeast and molds, and tiny germs; about the pets or toys 
vou play with; about vour home and its many activities; about 
vourself—anything. Only let it be your own observation or 
experiment. Something’ vou vourself do, or see with your own 


eves. 





* Radio talk given to boys and girls of the Big Brother Club of Station 
WEEI, February 1, 1926. 
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| But, my dear friends, I promised to tell vou another wonder 
3 story this evening. Come close. Do you see that box of ger- 
aniums on the window sill? Barbara, bring it here please. 
Now break off a single green leaf. Tell me what you see. Only 
a thin blade with scalloped edges and veins running through 
it? Tear the leaf apart. Tell me what you see inside. Only 
a spongy mass of green stuff? And you claim to have sharp 
eyes? I am afraid they are blind to the real truth and beauty 
of life. The unaided eye is poor. It never shows us things as 
they really are—only a jumbled mass, like trees on a distant 
| mountain. Look here. Do vou see this brass tube with pieces 
of glass at either end. What does it do? Why, it makes 
things look hundreds of times bigger than they actually are. 
It magnifies things. It shows vou the secrets of the invisible 
world. Give me that sharp knife. I'll eut off a thin slice of 
the leaf, like a slice of bread. and put it under the brass tube. 
Now take a look at the inside of a leaf. Wonderful, you say. 
See the thousands of little cells, square ones and round ones, all 
packed together like cells of a honey comb. See, they are filled 
with an amber fluid—life fluid—protoplasm, the living stuff 
that fills the animal cells—the cells that make up your body and 
mine. Do you see that round kernel in the center of each cell 
the nucleus? That tiny object is the director of growth. In 
| your body it helps to build new cells to make you bigger and 


stronger. Look through the brass tube again. Do you see those 
beautiful green balls, glistening like emeralds. They are chlor 
oplasts, the objects that make leaves green. Green paint? Oh 
no, leaves are not painted. The green color is inside and not on 


the surface. Here, give me that geranium leaf again. Look at 





the under sice. What, you only see skin with a few hairs on 
it. Let me peel off a piece of the skin and put it under the 
brass tube. Don’t crowd. Stand back James. Give Rita a 
chance. Why. We see hundreds of little mouths with lips, 
just like ours. Some are open and others are closed. That's 
right! Didn’t you know that leaves have mouths that open and 
shut. There are thousands and thousands of these tiny mouths, 
or stomata, on the surface of every leaf and they are just as im 
portant as your own mouths. 

But I promised to tell you about the work of leaves. They 














174 GENERAL SCIENCE QUARTERLY 
are the food-makers of the world. Without them we would soon 
starve. They give us sugar and starch, apples and oranges, 
beans and potatoes, bread and cereals,—wheat, corn, oats, rice 
and rye. And even more. For these foods are eaten by animals 
and changed into milk, butter, eggs, beef steak and chops. The 
green leaf is a factory, the multitude of tiny cells are rooms and 
the emerald green balls are machines. Power is furnished by 
millions of bright rays of sunlight. What did you say? 
Where do leaves get the raw materials to make all these things ? 
Dame Nature is a wonderful cook. Look on her pantry shelf. 
About the only things vou will find are three big bottles. One 
bottle is filled with a light colorless gas, hydrogen. The second 
bottle contains another invisible gas, oxygen. The third bottle 
is filled with black soot, carbon. She simply mixes these com- 
mon elements in different proportions, unites them with her 
magic touch—and, presto, you have sugar, starch, and all the 
other things I mentioned. Sounds like a fairy story? Perhaps 
it does, but this one is true. Let me prove it by a simple ex- 
periment. Put this lump of sugar into an old tablespoon and 
hold it over a gas flame until the sugar starts to burn. Now 
take a clean, dry, drinking glass. Hold it upside down just 
above the flame. Watch the inside of the glass. See the drops 
of water. Now look in the spoon. See the black stuff. Car- 
bon, isn’t it? We have taken a lump of sugar apart. All we 
get is clear water and black carbon. If we had time we could 
easily separate water into its parts. We could break it up and 
show that it is made of the two common, invisible gases, liydro- 
gen and oxygen. If your curiosity is aroused you can go 
further. You can break up a lump of starch or any of the other 
foods mentioned. You will discover the same three basic ele- 
ments, hydrogen, oxygen and carbon. 

Water and carbon,—they are about the only raw materials 
needed by this marvelous factory, the green leaf. Water comes 
from the soil. It is absorbed by numerous root fibres of the 
plant, flows up through long narrow pipes in the stem and out 
through the network of delicate veins to all parts of the leaf. 
Carbon comes from the air. What? You don’t see any solid 
lumps of black carbon in the air. No. The carbon has been 


changed to another form—from a black solid to an invisible gas 





ee 
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—carbon dioxide. This gas passes into the leaf cells from the 
air through the thousands of tiny mouths. And now, with all 
the necessary raw materials supplied, Dame Nature is ready 
to start work. She may take six teaspoonsful of carbon, ten 
teaspoonsful of hydrogen and five teaspoonsful of oxygen, mix 
them together, put them into one of the machines, turn on the 
sunlight—and—behold—-out cames a tiny lump of starch. Or, 
if she desires, she may take six teaspoonsful of black soot, 
twelve teaspoonsful of hydrogen and six teaspoonsful of oxygen 
—and out comes a tiny lump of sugar. And so it goes. Dame 
Nature simply combines the three elements in varying propor 
tions to make lots of good things for vou and me to eat. But 
I have left the best part of my story. Inhale! You breathe in 
life giving oxygen. Exhale. You breathe out suffoeating car 
bon dioxide. Light a candle. Oxygen makes it burn brightly. 
Bring the mouth of a jar down over the burning candle. The 
flame soon uses up the oxygen and then goes out. It is suf 
focated by carbon dioxide. Everyday, tons and tons of carbon 
dioxide are given oft into the air from fires and lungs of ani 
mals, and many tons of oxygen are used up. But why don’t 
we all die? And what keeps the fires burning in our stoves and 
heaters? This green leaf takes care of that. It takes suffocat 
ing carbon dioxide out of the air and puts back life-giving 
oxygen. Thus does nature, in this wonderful cycle, accomplish 
a double purpose. She gives us good food to eat and pure air 
to breathe. 

Oh, I wish I had more time to tell vou about all the other 
marvelous things a green leaf does-—how it moves and breathes, 
and sleeps, and how it digests things, and makes rain—and ho 
it changes from the soft tints of spring time to the vivid colors 


of autumn, but I must stop now. Good night. 


Ill. Heat, The Great Traveler’ 
Good evening, fellow scientists of Big Brother Club. Thank 
you for all the interesting letters you wrote. L shall try to an 
swer them as soon as possible. Now get your pencil and paper 


pad ready. During the past week I have received many re 








* Talk given at the Big Brother Club period of WEEI, on Feb. 8, 1926 
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quests from both science teachers and pupils to conduct a radio 
science lesson. Will you join my class? Next Monday even- 
ing we will have a real lesson in science. T’ll do the experi- 
ments right here before the microphone, and I want you to fol- 
low me, and do the same experiments at home. Now you must 
be ready to start. Have everything ready. Place a small table 
near your radio set. Put the following articles on the table. 
Come now, write them down, so you won’t forget: A drinking 
glass, two white saucers, two short candles, a box of matches and 
a common pin. Have one saucer half full of cold water. Be 
sure the wicks of the candles are fairly long, so you can light 
them quickly. Don’t forget. Be ready to start promptly next 
Monday evening, at 7.00 o’clock. Gather round, my young 
friends, and listen. I am going to tell you another wonder 
story this evening. It’s about Meat, The Great Traveler. 

Heat is a queer chap. You ean’t see him. He doesn’t make 
any noise. But you can feel his presence. Rub your hands 
together fast. Feel him? Light a match. Feel him? Pull up 
the shade and let in the sunshine. Feel him? Plug your elee- 
tric iron into a socket and snap the switch. Feel him again ¢ 
Another strange thing. You have to keep this queer chap, Heat, 
at just the right distance. Let him come too close and he burns 
you or makes you perspire. If on the other hand you let him 
go too far away he makes you shiver with cold. Heat is Dame 
Nature’s messenger. She sends him on all kinds of errands, 
to warm our houses in winter, to melt the snow and ice in 
spring, and to make plants grow in summer. He is always go- 
ing somewhere. At times he barely crawls, a few inches a 
minute—again he jumps into his roadster and goes sixty miles 
an hour-—at other times he cranks up his flying machine and 
travels to the moon in a couple of seconds. 

Heat travels in three ways: by conduction, convection, and 
radiation. Hold one end of an iron rod in the fire. Heat 
travels slowly along the rod to your hand by conduction. But 
how? Well, the rod is made up of countless millions of tiny 
particles of iron,—so small that they are invisible. Not only 
iron, but every material thing, solids, liquids, and gases, is 
made up of its own kind of tiny particles, molecules, we call 
them. And these molecules love to dance. They are always 


‘lancing to the tune of heat. Quicken the heat and they dance 
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faster. Slow down the heat and they change time from a quick 
foxtrot to a slower waltz. And these excitable little fellows have 
rather bad manners. They push and shove and bump into one 
another without regard. In your iron rod, heat from the fire 
first starts the dance of tiny molecules at one end—these bump 
against their neighbors and start them dancing and this action 
is repeated until the whole rod is hot. But different kinds of 
molecules are like different boys and girls. Some like to dance 
better than others. They need less coaxing. Try this simple 
experiment. Put three teaspoons in half a glass of hot water ; 
a silver spoon, an aluminum spoon, and an iron spoon. Feel 
of the end of each spoon at short intervals. Notice the differ 
ence. Remarkable, isn’t it? Heat travels through the silver 
spoon very quickly—a little slower through the aluminum 
spoon, and still slower through the iron spoon. You have 
proved that some substances conduct heat faster than others. 
Now metals are good conductors. Heat travels through them 
quickly. That’s why your kettles are made of aluminum and 
vour radiators of iron, Air conducts heat slowly. That’s why 
furs and woolen coats keep you warm in winter. The heat of 
your body is held in by many air spaces between the hairs or 
loosely woven fibres. You know what a thermos bottle is. It 
keeps hot things hot and cold things cold, by means of a double 
glass wall with a vacuum between. Very little heat can pass 
through a vacuum by conduction because most of the molecules 
have been removed. Perhaps your mother cooks with stored 
heat. She puts the roast in the oven of her gas or electric 
range, turns on the heat for a few minutes and then shuts it 
off. Heat stored in the oven stays there and completes the 
cooking of the roast, and your monthly bill for gas or electricity 
is much lower. 

In the second method, convection, Dame Nature sends her 
messenger heat in moving currents of warm air or water, in 
ereat ocean currents, like the gulf stream or in balmy south 
winds, to carry warmth and comfort to cold northern lands. In 
your own house he leaps out of the register or runs through the 
radiator to keep you warm. Air or water expand when heated. 
A gallon of cold water is heavier than a gallon of warm water 


and a gallon of cold air is heavier than a gallon of warm air. 
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When cold air enters your furnace, it is heated, expands, and 
rises through pipes to each room. The rising warm air is 
simply pushed up by the heavier cold air underneath. The 
same things are true of hot water heating, 

And now we come to the third method—the most marvelous 
of all, where Dame Nature’s messenger, heat, jumps into his 
flying machine and shoots through space, 186,000 miles a sec 
ond. How do you suppose we get heat from the sun? Doesn’t 
it seem to come in straight rays and doesn’t it pass right through 
the window pane? Sit before an open fire-place. Feel the heat 
on your face? It comes straight at vou, doesn’t it? Is it warm 
air you feel? No. The warm air is going up the chimney. 
Can the heat travel to your face by conduction? No. Air is 
a poor conductor. Then, there must be another method—and 
because the heat seems to travel in rays—we eall it radiation. 
Have you ever opened the furnace door when the fire is red hot 4 
Doesn’t the heat come straight at you, and doesn’t it travel 
quickly ¢ Hold a piece of glass before your face. Heat comes 
right through the glass. Hold a book in front of your face and 
you ean’t feel the heat. The book stops it. When these heat 
rays strike a transparent substance they usually go right 
through, but whenever they strike anything like a book, or a 
piece of cloth, they are stopped, and absorbed, somewhat as a 
sponge absorbs water. 

Say, do you know, dark colors absorb heat rays faster than 
light colors ? Try this simple experiment. Take two shiny 
tin cans, coffee cans or crisco cans will do. Cover one can com- 
pletely with black soot from a candle flame. Fill each can 
with ice cold water. Set them on the window sill when the 
sun is shining. After an hour or two feel the water in 
each can. The water in the black can is much warmer 
than the water in the shiny one. This explains why water 
heats more quickly in a black kettle than it does in a 
shiny kettle. It also explains why a black suit feels warmer 
in summer than a light colored one. But there is another side 
to this story. Dark colors give off heat rays faster than light 
colors. Take the same two cans again, the black one and the 


shiny one. Fill them with boiling hot water and set them on 
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the table for about ten minutes, Feel the water in each ean. 
The water in the black can cools much quicker, doesn’t it ? 
This explains why water stays hot longer in a shiny kettle than 
it does in a black one. Look at your own radiators. Are they 
shinv or black? You get more heat from a black radiator. 
Which is warmer in winter, a dark suit or a light suit? <A 
light suit, isn’t it / A blaek suit allows the heat of the body 
to escape faster. Why do you suppose so many animals of the 
arctic regions have white fur? White fur helps them to keep 
warm. 

Let me ask you this question. Does “hot” and “heat” 
mean the same thing’ No, Anything ean be red hot and not 
have much heat, or anything can have lots of heat and not be 
hot. <A spoonful of boiling water is much hotter than a bath 
tub filled with lukewarm water. But the bath-tub full of luke 
warm water contains more heat, much more. A red hot pin 
may be just as hot as a red-hot flatiron—but vou know that it 
takes longer to heat the flatiron and that it stavs hot longer. 
In other words, the flatiron has more heat than the pin. Even 
at the same temperature equal weights of different substances 
hold different amounts of heat. For example, a pound of 
water at 100 degrees contains ten times as much heat as 
pound of iron at the same temperature, . thermometer tells 
how hot anything is—but it doesn’t tell vou how much heat 
it contains. Heat is measured by a metai cylinder—in ealorics 

not in degrees. 

And now. mv friends, listen. Do vou know where heat, the 
ereat traveler fits into nature’s wonder scheme? Dame Nature 
takes these radio waves that now carry the sound of my voice 
to your ears-—she reduces them in length—and behold. You 
have heat. She reduces the length a little more and vou have 
light. She makes the waves shorter and vou have a picture 
she reduces the length still more and enables vou to look right 
through the human body. Radio, heat, light, photography and 
X-rays are all linked together into one miracle chain—the 
miracle chain that Dame Nature wears—and who knows how 
long that chain maybe—or how many golden links it may con 


tain? Good night. 
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IV. The Merry Dance of Electrons* 


To my radio Science class:—Don’t miss the experiments next Mon- 
day night. You will have lots of fun. Re sure to have the following 
articles readv: Two tov rubber balloons: two pieces of string, about 
2 feet long: a piece of fur, fairly large—-a fur scarf, neckpiece or 
fur coat. Note—The fur will not be injured in any way. If you 
can’t get the fur, you may use a woolen sweater. 

Have the balloons all ready before the experiment starts. First 
blow them up, not too full. Tie the balloons with pieces of string 
und hang them up about level with your face, and about 1 foot apart. 
Let each balloon hang from one end of the string, and have the 
string 2 feet long. Do not hang the balloons near the walls or 
sides of the room. For a support you can stretch a piece of strong 
twine across the room about 8 feet high, and hang the balloons from 
the center of this. Let them hang down about 3 feet 

{The above directions were given the previous week. | 


Good evening boys and girls. Here we are again, with more 
experiments for our radio Science class. But first let me read 
a few letters. (Reads letters. ) 

During my last lesson J told vou about Dame Nature’s mix- 
ing bowl. I told vou how she takes a few particles, or atoms, 
of carbon, hydrogen and oxygen, mixes them in her bowl, com- 
bines them, and gives you wood aleohol, vinegar, formaldehyde, 
ether, carbolie acid or vanilla extraet—how she simply adds 3 
particles of oxygen, 3 particles of carbon and 6 particles of hy- 
drogen to sour milk and gives vou honey to spread on your 
bread. Or how she simply takes 2 particles of hydrogen and 1 
particle of oxvgen away from your honey, and behold your glass 
of honey is transformed into a sheet of writing paper or a stick 
of wood. All this wonderful story had to do with tiny atoms. 
But tonight I am going to let vou break an atom apart and find 
the tiniest things in all the world,—electrons. Yes, sir. My 
story tonight is about electrons—-Tue Merry Dance oF 
KLECTRONS. 

Are you ready for the experiments? You have two toy bal- 
loons and a piece of fur. And did you blow up the balloons and 
suspend them by pieces of string according to instructions? I 
have Big Brother’s Studio all rigged up. I stretched a piece 
of twine across the studio, about 8 feet high. I have two bal- 
loons, pretty ones, all blown up, and each tied to the ends of a 
piece of string about 2 or 3 feet long. Then I suspended the 


* Radio Science lesson given at Big Brother Club of Station WEEI, 


February 7, 192 
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two balloons, hung them up, about a foot apart, and about 3 
feet from the floor. Oh, yes, and I have an old fur scarf, one 
I borrowed from my wife. All ready! Let’s start! Let’s play 
with one balloon first. Rub the balloon with your piece of fur. 
Wrap the fur around the balloon and rub briskly. Now step 
back. Bring the fur near the balloons. See! The balloon is 
attracted. It follows the fur. Try again. Rub the balloon 
with the fur, rub on both sides at the same time, fast and vigor- 
ously. Now, hold your nose near the balloon. Ah! Sur- 
prised? The balloon jumps up and hits you in the nose, and 
say, did you feel that spark? Tl bet you did. And heard it 
too. Try again. Let the balloon hit your nose. Isn’t that a 
good one? All ready! Rub the balloon with the fur, vigor- 
ously. Stoop over. Hold the top of your head near the balloon 
The balloon jumps up, as though alive, and hits your hair—and 
stays there—and can you feel your hair stand up straight? 
You probably have more hair than I have. But I can feel my 
few remaining hairs stand up when the balloon hits my head. 
Let us.try a new one. First rub one balloon with the fur. Now 
rub the second balloon, fast and vigorously. Now stand away. 
Isn’t that pretty? See? The balloons fly apart—repel each 
other. See! They stand right out—apparently there is some 
ill feeling between them. The balloons dislike one other. 
They seem to be enemies. Let us see if we can make them 
friends. Just hold one hand between the two balloons, right 
in the middle. Isn’t that interesting? The two balloons, come 
together, they kiss and make up. They are friends again. Try 
this one. Rub both balloons with the fur. Now hold your head 
between them. See? They come together, hit the sides of your 
head, and cling there. You have two ear rings. And Ill bet 
you felt the spark. Didn’t you? 

Tell me now. What is all this about? And why do the toy 
balloons jump around so strangely? Let me say, first of all, 
that you produce electricity when vou rub the balloons with the 
fur. You produce electricity by rubbing, or friction. Where 
does the electricity come from? Oh, everything contains elec- 
tricity. Your hair, hat, shoes, dress, coat, pencil, ruler, every- 
thing. Yes, sir! There is enough electricity in a pair of old 
shoes, to light your home, or run your radio set, or to make 
your vacuum cleaner go—plenty—if you could only set it free 
and collect it. Collect it I said, for we cannot make electricity. 








182 GENERAL SCIENCE QUARTERLY 
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It already exists, is present, in every material thing. All we 


can do is to set it free and colleet it. 

But what is this electricity you set free when you rub bal- 
loons with a piece of fur. You simply rub countless tiny elee- 
trons off the fur on to the balloons, and electrons are nothing 
more or less than minute charges of electricitv—negative elec 
tricity. The fur then loses electrons and the rubber balloons 
gain electrons. Therefore, we say there are two kinds of elec 
tricity, positive and negative. Any object that gets more than 
its usual share of electrons, we say has a negative charge of 
electricity. Any object that loses electrons or contains less than 
its usual share, we say has a positive charge of electricity. 
Any object that has its usual number of electrons, neither gains 
nor loses, we call neutral—-or unelectrified. And this explana 
tion accounts for the strange behavior of the balloons, for 
negative electricity repels negative electricity, positive repels 
positive, but positive and negative electricity always attract 
each other. You rubbed electrons off the fur on to the balloons. 
Therefore, the fur lost electrons and was charged with positive 
electricity while the balloons eained electrons and became 
charged with negative electricity, In the same way, the bal 
loons received more electrons than your body contains—so that 
your own body was positive as compared to the electric charges 
on the rubber balloons. And so the fur attracted the balloon, 
vour hand attracted the balloon, vour hair attracted the bal- 
loon, vour chin attracted the balloon, vour nose attracted the 
balloon because positive and negative electricity always attract 
each other. On the other hand, when you rubbed both balloons, 
each one received an excess of electrons, a negative charge, and 
so repelled, pushed each other away. Two objects charged 
with negative electricity always repel each other. I have told 
vou why the rubber balloons acted so strangely. But, tell me: 
What are electrons? Where do they come from? What do they 
do? This is a wonderful story. It covers the whole subject of 
electricity a subject far too lone for one evening’s lesson. 
Let me tell vou only a few facts about the identity and behavior 
of these tiny negative particles of electricity. All matter is 
made up of molecules and all molecules of atoms. But ex- 
amine an atom and what do vou find? You find a whole family 
with Mrs. Nucleus, Mother Nucleus at the center, and dancing 
around her, her children, baby electrons. Consider the drop 
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f water again. It is made up of millions of particles of water, 

molecules. Examine one particle: one molecule of water. 
What do you find? Two tiny specks, two atoms of hydrogen, 
snd one tiny speck or atom of oxygen. Now let us study the 
atoms. We find two families: Mrs. Hydrogen Nucleus with 
one child, one baby electron prancing around her, and Mrs. 
Oxygen Nucleus with 8 children, with 8 baby electrons in her 
family circle. Now, just pull the electrons away from the fam- 
ilies, to which thev belong, collect them by batteries, or gener 
ators, and vou have electricity. Billions of electrons are col- 
lected every second by high generators at central power sta- 
tions and sent along wires to your home. They stream into 
your lamp filaments to make them glow; they flow through the 
coils of your flatiron, or electric range to give you heat; they 
pass into the windings of the motor that operates your vacuum 
cleaner or washing machine. 

When you talk into your telephone transmitter, a thin piece 
of metal vibrates, pressing with varying intensity against lumps 
of roasted coal, and starting a merry dance of electrons along 
the wires, so that, when your friend at the other end of the line 
picks up her receiver, she hears vour words, spoken distinetly, 
because the same electron dance, started by the transmitter is 
repeated around the coils of a magnet, varying its strength and 
making a second thin piece of metal vibrate in unison with the 
first one. Time will not permit me tonight to give you further 
explanations of the strange behavior of these tiniest particles 
of electricity. Perhaps you would like to know more about 
the merry dance of electrons, how they reproduce the words I 
am speaking into this microphone, how they enable us to trans 
mit actual pictures by wireless, or enable us to look right 


through the human body. Good night. 





Reckoning and Accounting* 


By Epna Hook Laissax. 


(Illustrations by Edna Hood Lissak) 


I. Ready Reckoners 


Tue sons of Noah used Ready Reckoners to “aid their 
memory” in keeping count among themselves of the increase 
of their flocks. Their caleulating machines were pebbles, 
shells, kernels of grain, beans or nuts. The sons of Noah of 
a later generation still depend upon their ready reckoners, 
but the pebbles and kernels have become intricate mechanisms 
which add, subtract, divide or multiply, and solve all the prob 
lems of the modern business world. Between the pebbles of 
the post-flood era and the cash registers and computing ma 


chines of today lies thi whole story of mathematics and the 


dependence of the people upon mechanieal devices to aid them 
in their arithmetic. 
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Tl Abacu is used by the Greek ind Re 


The small flat stones of the Greeks, rounded and polished 
for counters, no doubt suggested the metalones of the middle 
ages. The Greek term for them gives us “ciphering,” while 
the Roman equivalent, “ealeuli,” christens our ealeulating ma 
chine. Sometimes the Greek stones represented a large num 
ber, sometimes a small one. Solon, about 600 B. C., compares 
the different grades of society to the varying and arbitrary 
values of the eounters on the line, 


* From “Edison Montily,’’ by courtesy of New York Edison Company 
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The ealeulation was made on a sanded floor or table upon 
which parallel lines were marked with a stylus. On this first 
abacus the Greek youth was also taught to write. Later, the 
abacus passed to the Romans, and the counters were run in 
grooves or strung on wires. In the latter form it reached the 
Orient, was carried by the invading Mongols into Russia in 
the thirteenth century, and also found its way to Persia. It 
reached America via the Chinese laundry. In all these coun 
tries and wone their native 8 whereve r they may he, the abacus, 
in different forms, but the same in principle, is still in use. 

In the Chinese abacus the unit is any bal] in the larger com 
partment placed against the bar; these inerease decimally. 
The corresponding balls in the smaller compartment increase 
by fives. 

A marble slab, found in the ancient Greek island of Salamis, 
is supposed to have been a Greek abaeus or counting table of 
the type used by bankers. The caleulator sat at one of the 
long sides and used his jetons in the different spaces separated 
by the incised lines. Small bands at the right were for frac 
tions. The characters represent the numbers. 

An ancient Roman abaeus, said to have been used in Rome 
and in China, is still used in France to teach ehildren to count. 
It was formerly used for the same purpose in England. It 
was brought to France by one of Napoleon’s generals, the 
geometrician Ponselet, who learned its use while a captive in 
Russia. 

In another Roman abacus for addition and subtraction, the 
numbers represented by the pins in each groove are marked on 
it; the longer ones at the bottom are for units; the shorter, at 
the top, for decimals. 


In the words of a student of ancient Chinese history, “The 


Ho-Ho Twins, or Spirits of Harmony, are famed as the in 
ventors of the abacus. It is said that when they realized the 
perfection of their invention, they laughed so immoderately 
that their deaths ensued as a result. They are to be found in 
every temple and are worshipped by all the Chinese people.” 
Writing in 1735, the French Jesuit and geographer, Du 
Halde, tells how the verification of an astronomical semicircle 
previously constructed by Father Verbiest, was worked out far 
more rapidly by the Emperor on his “swanpan” than by the 
missionary caleulating with Arabie figures. 
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At a much earlier period, reckoning rods had been used in 
China. The first known reference to them, apparently as an 
innovation, is in the proclamation of a ruler of the fourth 
century B.C. In offering high reward to gifted men of other 
states, he vehemently declares against good mathematicians 
using “counting stalks” in their caleulations. 

As proof of the great wealth of a court official of the fourth 
century A. D., we read that “when he took his ivory tallies in 
hand” to compute his income, “he spent his nights in ealeu 
lating and could not stoy.”” A later emperor had rods east in 
iron tor the use of the common people, while the Koreans still 
calculate with bamboo rods and with small stones and coins. 
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The Abacus of the Orient At the left is a modern Chinese swat! 
pan, and at the ght a Japanes soroban, while in the center is a 
salesman his calls on the native tradesmen 





Nature provided the first system of caleulation—probably 
the first suggestion of the decimal system—and_ the earliest 
reckoning reds were fingers and toes. Even today “digit” 
signifies a numeral. 

With few possessions and little intercourse with strange peo 
ples, primitive man did not feel the lack of a more elaborate 
system of notation, and only when the need became impera 
tive for a more permanent method of expressing two sums at 


a time, were the pebbles brought into service, 
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A set of “Neper’s Bones,”’ in the British Museum. This calcu 
lating device, developed more than three hundred years ago, 
was one of the first machines for solving problems in arithmeti 
The methods of using it were described in Napier’s ‘‘Rabdolo 


printed in 1617 


fice 


the 
This ended the use 


eleventh century saw numerals and 


| The the Arabic 
decimal system introduced into Europe. 
of the cumbersome Greek and Roman numerals for calculation ; 
mathematical operations were simplified, and the way opened 

for the development of modern machines. 








188 GENERAL SCIENCE QUARTERLY 


What might be classed as the first of these was the inven 
tion of John Napier, the famous creator of Logarithms and 


of the now indispensable decimal point. He was Jhone Neper 


or Jhone Nepair in his own day, and his “numbering rods” 


























These drawings of Jetons or ‘ounters I taken fror e book 

English authority on coi and medals, d 169, when they we 

still in use Although they are from different countries and times, they 

were probably all made in Nuremberg The central drawing is from a 
tapest: of the “jeton”’ period 


were familiarly known as “Neper’s Bones.” They were in- 
vented in 1617—the year of his death—and were popular both 


in England and abroad even in the early nineteenth century. 
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Opinions vary as to their value in doing away with the ‘tedi- 
ousness of caleulations.’—the inventor’s avowed reason for 
devising them. 

The rods were kept in a flat, square box as wide as ten rods 
and thick enough to hold six. When the rods are put in the 
box, the top number is shown beyond the box—and on one of 
the flat sides the index-rod is fixed at the edge-—while the small 
ledge at the bottom supports the rods while in use. Some of 
the rods were made with four different faces and figures on 
each for different purposes, 

Professor R. A. Sampson, of the University of Edinburgh, 
Astronomer Royal for Scotland, writing of the Napier Ter 
centenary Celebration of July, 1914, calls the method a very 
practical] one, which probably saved many errors as well as the 
tedium attached to heavy multiplications; but Glaisher’s re 
mark may be quoted, that “nothing shows more clearly the 
f the 
seventeenth century than the universal satisfaction with which 


rude state of arithmetical knowledge at the beginning « 


this invention Was weleomed by all classes.” 

There can be but one opinion, however, as to the popularity 
and length of service of the counter. From the earliest crude 
form—the pebble—to the ornate brass and copper jeton of th 
French and English kings and of the Exchequer of England 
into the eighteenth century, it has been the most constantly 
used “‘arithmeticke machine,” and the French motto is still 
of value, “Beware of mistakes; who reckons well will get 
results.” 


II. Without the Help of Pen and Ink 

From the simple abacus, with its varied adaptations, as 
previously described, it was a long step forward to the first 
automatic calenlator which appeared near the middle of the 
seventeenth century. Its inventor, Blaise Pascal, at the age 
of fifteen was 2a mathematician of note. When the young 
man’s father was appointed Governor Superintendent of Haute 
Normandie by Richelieu, the lad, because of his ability, was 
called upon to verify the complex accounts of a great province. 
“Deniers,” “sols,” and “livres” had to be ecounted—12 deniers 
made one sol, and 20 sols one livre—and for this the use of 
jetons was not practical. So he undertook to develop a machine 
to aid him in his computations, and in 1642, at the age of 
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nineteen, succeeded in devising the first automatic caleulating 
machine, 

In order to obtain from the king the privilege of manufac 
turing his machine—which in those dlavs Was similar to seeur 
ing patent rights—he presented a model—the only one he is 
known to have made himself, and on which he spared no pains 

to the Grand Chancellor Seenier. Its machinery was con 
tained in a box of rosewood and brass with bands of copper, 
and was no larger than a glove box. In 1649 he was given 
the desired permission, 

Pascal spent about ten years in trying to develop and intro 


duce a reliable machine that would be easily portable and 














The first calculating machine was invented 

by Blaise Pascal in the middle of the 17th 

century The inventor was only seventeen 

\lthough it dealt with the intricacies of 

French currency it was no larger than a 
glove box 








The mechanism of the Pascal machine and 
n inscription on the lid bearing hi name 


simple to learn to operate. With the aid of an ordinary lock 
smith about fifty models were made, and many materials 
ivory, wood, iron and copper—were variously combined in 
them. Efforts were made to interest influential people in them, 
and one model was sent to Queen Christine of Sweden. 
Although the first type of machine which he invented was 
approved by the French Academy, whose scientists called it 
admirable, Paseal was never satisfied with it, and until almost 
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the end of his life he continued to work on it, hoping to evolv« 
a machine that would extract square roots and perform various 


operations with fractions. 
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Old French Academy drawings of early Calcu 
lating Machines, published in 1735 On the lid of 
the box containing the machinery wa t movable 
frame which disclose either of two sets of fig 
ure when moved up or down The gentleman at 
the top is operating a tvk called a director 


L’Epine in 1725 and Boitissendeau in 1730 improved upon 

Paseal’s machine, but before that, in 1671, Leibnitz had con 

ceived the idea of adapting the principle applied in this inven 
tion for simple addition to a mechanism capable of performing 
multiplication by means of rapid suceessive additions, and in 

1673 presented his plan to the Royal Society of London. — Il 

had two machines built in 1694 and 1706, but although he 

spent about 100,000 frances on them, they were poorly made 

and faulty in execution,—due to the fact that the workmen 

were unable to grasp his ideas and the machine tools of that 


time were not accurate. 
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Prior to this in England Sir Samuel Morland, master of 
mechanies to Charles LI, in a letter dated May 13, 1666, re- 
fers to two “Arithmetical Machines” he had invented—one 
for addition and subtraction, and the other for multiplication, 
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The first key-driven 
calculating machine 
was perfected in 1784 
by the Hessian Cap- 
tain of Engineers 
Miiller. A model of 
his machine is shown 
at the top. A collec- 
tion of three types of 
calculating machines of the youthful French inventor, Léon Bollée, 
appear in the center. The model below was designed by Staffel, 
a resident of Warsaw. 


(livision, and the extraction of the square, cube, and even 
fourth roots. Owing to “the importunity of his very good 
friends,” he printed a description of them in 1673, in which 
ro to the 


5 


he suggested that if any “eurious person” eared to 
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expense of combining the two machines, all the four operations 
of arithmetic could then be performed “Without the help of 
Pen and Ink.” 

To free man’s head and hands by the mechanical perform 
ance of mathematical operations was the aim of the inventors 
in machines devised by Doctor Hook in about 1670; by Leu 
pold in 1727 (an adaptation of Napier’s Rods); by the Ger 
man pastor Hahn in 1774 and 1777; and by the two Poles, 
Abraham Stern, clockmaker, in 1814, and Staffel, who for 
merly had been a watchmaker’s apprentice, in 1845. Also 
there were many others at about this time. 

The first key-driven machine was that of the Hessian Cap 
tain of Engineers, Miiller, in 1784. This principle was ap 
plied to other early machines, but did not take practical form 
until its nineteenth century development in America, where, 














Doctor Roth's adding machine of 1841. Above is the style, or “director.” 
This was a very satisfactory improvement on Pascal's general principle 
and automatically carried forward the tens 


it is generally coneeded, most has been done to develop ealeu 
lating machines and promote their use. 

These efforts of Miiller’s inspired Scheutz, a printer of 
Stockholm, to devise a “*Machine for Caleulating Mathematical 
Tables by Differences and Printing the Results.” This he 


began in 1834 and completed, with his son’s assistance, i 


1853. This was accomplished through the financial aid of 
the Swedish Diet, which later rewarded him generously. He 
was also honored by Napoleon, who placed his machine in the 
Imperial Observatory of Paris. Another was afterwards used 
by the British Government, and one, through the generosity 
of an American, was presented to the Dudley Observatory at 


Albany. These were about the size of a small grand piano. 
: ] 
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In 1S41, Pa physician, Doctor Roth, applied Paseal’s prin 
ciple to a very satistactory addine machine that automatieally 


carried forward the tens, and in Paris in 1858 was put on 


sale oa “Specimen of Tables Caleulated, Stereotvped and 


Printed by Means of a Machine.” 


¢ 























Leibnitz’ own drawing of hi “Stepped Reckoner’ reveals the interesting 

echanism of is multiplication machine The product was obtained by a 

series of rapid Ce ive idditions At the right is a nineteenth century 

‘Arithmometre invented by Thomas de Colmar in 1820 The machinery 

was put in motion b i spring actuated by a silk ribbon In honor of the 

100th anniversatr if the perfection of this machine in exposition was held 
in France All modern machines are developments of this type 


The first really practical machine, however, was that of 
Charles Xavier Thomas, financier and honorary director of 
an insurance company of Colmar. In his “Arithmometre” of 
1820—commonlv called the Thomas de Colmar—Leibnitz’ 
theory of the “stepped reckoner” was practically realized. It 
Was well designed and sturdily constructed, and is the proto 
type of a large group of modern machines. It was improved 
upon by his son and others—among them workmen whom 
Thomas had eneouraged. This machine in its own time was 


awarded the Grand Gold Medal of the ‘Societe d’ Encourage 
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ment pou “Industri \ tionale” Ol | rance, ; na om huneyre 


vears later the same society honored it with a commemorative 


eCXPos aleulatineg machines, ut which the original 
‘**Arithmometre” us shown and iiso thi mode ! ones, m 
provements, but of the same general] principle. 

A French writer of 1878, complaining of the time wasted 
moving the index b ttons of the *Arithmometre,” declared 
that only when it would be possible to press the keys with th 

gers without dlisplac ug them would the sueeess and general 
emplovment of the caleulating machine be assured, 

Amor = othe r it eh es ex ibited was the first ore tf mm 
tiply cireetly. Le Bolle ike Paseal. a bov inventor to 
help his father produced this machine when he was eightee! 


in IS8SS. THis father was a bell-founder of Mans. He was 





obliged to employ ¢ mpleated caleulations TO det rmine 


mode] of hells. Youne Bolle inve nted i number ot Vel 


original machines, put early vuve up work On them to take 


active part in the development ot automobiles and aviat 1 


] ] ] 
| t ! hand wor ed or 


Bollée’s caleulatine plates are POUG ) 
electrically operated in the Aneigt r * Millionaire,” which also 
was exhibited. 

Torres Y. Quevedo, of the Royal \eademy of Spain, in 
ventor ot a machine to solve equations, showed the first machiy Cc 
in France that could automatically perform the four fund 

mental operations of arithmetic and write down the results. 
This machine was of the “Arithmometre” ty pe, and wrot by 
inecans of an ordinary typewriter electrically operated. 
“[ndoubtedly,” as it was said early in 18 2. “in the midst 
of the tumult of affairs, it is of advantage to have an instru 
ment which nothing can trouble nor disturb, that noise and 
bustle do not fret, and which readily gives the desired numer 
ical results.” Another writer of 1881 declares that “Error 
multiplies in the head and in the eopvist’s hands, and so,” he 
adds, “should be counted amo: o’ the benefactors of humanit\ 
those who consecrate their time and fortune to creatine and 


popularizing caleulating machines.” 
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Ill. Tallies, Tellers and Accounting Machines 


The lowly bille of wood, when cut, became the tally (taking 
its name from the French fai//é for eut)—the clumsy book 
keeping machine of the kings of England, and served froin 
the Norman conquest down to the nineteenth century, when 
they were ordered burned. October 16, 183-4, was the date set 
for their destruction, but it was no ordinary tire that closed 
this chapter of English accountancy, It was a regal funeral 
pyre, for with the ancient tallies went both Houses of Parlia 
ment. As Sir William Anson, the Fnelish jurist. suecinetly 


expressed it: “Orders were given to destrov the tallies. The 
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Tallies used in European countries in comparatively recent times 


were used as fuel in the steves which warmed the Houses of 
Parliament: they overheated the Hues and burned down the 
Houses.” 

Their use had continued tone after modern methods were 
introduced, and Dickens accuses the Exchequer of keeping 
accounts “much as Robinson Crusoe kept his calendar on the 
desert island,” and further claims that when these medieval 
booking’ machines were destr ved they should have been given 
for firewood to the miserably poor people of the neighborhood, 


but instead “They had never been useful, and official routine 
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required that they never should be.” Nevertheless, they had 
served their purpose along with the Rolls of Accounts, of which 
they were a part, just as other tallies, often crude bits of 
tree-branches or knotted strings, had served, throughout the 


ages, the various peoples of the world. 
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The Quipus and Tally Stick, as used by the Indians of North and South 
America, 


The Incas of Ancient Peru, in their high state of civiliza- 
tion, used their knotted quipus to add and multiply by, and 
kept all records of tribute from the various villages on the 
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strings, separating the accounts by grains of maize or by small 
stones. Various colors were employed—yellow for gold, white 
for silver, and red to represent the soldiers. According to the 
Spaniards who first visited Peru, these caleulations were made 


with great rapidity and accuracy. 


j 
I 











The Reeve Staff is still in use on the Isle 
of Portland, off the Dorset coast. 


A Frenchman tells amusingly of his first experience with 
this type of accounting machine, while trying a ease in Bengal: 
“T well remember my astonishment when I ordered them to 
produce their accounts. ‘The Sonthal produced from his back 
hair, where it had been kept, I suppose, for ornament, a dirty 
bit of knotted grass string and threw it on the table, request 
ing the court to count that, as it had gotten too long for him. 
Each knot represented a rupee; a longer space between two 
knots represented the lapse of a year.” 

The hogs, pigs, and pieces of sandalwood for which the 
Hawaiians of the first part of the nineteenth century were 
taxed, were recorded in similar manner by the tax-gatherers 
of the island. A long rope was divided to represent the vari- 
ous districts of the island. Knotted strings are still popular 
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among the Indians of South America, and similar tallies are 
yet used in Brittany and in other parts of France, and in 
Scotland by the bakers. Not so long ago they were in service 
in Halifax, chiefly among the milkmen. 

On the Isle of Portland, off the Dorset coast, old customs 
still prevail. The Kine of England, as Lord of the Manor, 
collects his rents through the Reeve, who reeords his accounts 
on a Saxon Staff. Reeve, or more anciently Reive, comes 
from the Anelo-Saxon “egerefa,”’ a steward, who serves for 
one year, and only once in his or her lifetime. Both men and 
women serve as reeves, and the office is filled in succession by 
the tenant paying the highest rents. The court now meets 
semi-annually at the George Inn, built in the early eighteenth 
century, when the Reeve renders his accounting. The rent 


— aK —__ 
————_————_——— ooo 


— 


€ {258 '® als 
pry —— Trot 1 ol ee te Lan Als 


SEE TEEEEER EE er 





























The Luchu wooden tallies used in China vary from two and a half to 
eleven and a half feet in length and are used principall to record tax 
assessments 
of a pound is shown by a diagonal eut, instead of the twenty 
straight ones in succession, as was the ancient custom. A 
straight notch still stands for a shilling, but a straight notch 
three-quarters across denotes ninepence, one half-way sixpence, 
one quarter-way threepence. In the same way the lines rep 
resent one penny, three farthings, one-half penny, and a far 
thing. The correct length is regulated by three faint lines 

drawn the length of the staff. 
Until late in the 19th century tallies were much employed 
in the rural districts of Luchu, China, especially as records of 


matters referring to the assessment of taxes, both in money 


and kind, each item being inseribed on the tally with charcoal 


or any other convenient material. The symbols inscribed on 


the tallies are numerals, and signs are used for people’s names. 
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The symbols varied in villages less than twenty miles apart 


each village living its own isolated life. 


wa 




















Some of the Exchequer tallies which escaped destruction in the fire of 1834. 
They were found at Westminster in 1910, and are now exhibited at the 
Public Record Office. 


? 

With the need for higher notation came improvements upon 
these accounting methods, but we still use their terms. We 
still ‘“‘present our bills,” but we do not “accept” them unless 
we are satisfied that they “tally” with what we think we owe, 
which may not be as indisputable evidence as when we accepted 
the “‘bille’” whose notches agreed with our half of the tally. 
The two parts of the tally were also called the stock (“stipes”) 
and the foil (“folium”), and up to about a hundred years 
ago, if you lent money to the Bank of England, the Bank held 
the foil while you received the stock, thereby holding “bank 
stock” of the amount notched on the tally. Our checks come 
from the Exchequer, with its checkerboard cloth upon which 
counters were used for reckoning, while the “tallier,” or eutter 
of the tallies of the Exchequer, later became its teller. There 
were four of these, each receiving three pence a day when the 
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Exchequer was at London. Their duties are deseribed by 
Madox, writing in 1708: “The Sum of Money which it bore 
was cut in Notches in the Wood by the Cutter of the Tallies, 
and likewise written upon two Sides of it by the Writer of 
the Tallies. The Tallv was cleft in the Middle, by the Deputy 
Chamberlains, with a Knife and Mallet, through the Shaft 
and the Notches: whereby it made two Ilalves, each Half hay 
ing a Superscription and a Half Part of the Notch or Notches. 

A dav later, at the earliest, the paver reeeived his half 
of the tally.” 

The procedure is quite different today, and is well illus 
trated by the methods used by the Bank for Savings and many 
other banks in New York and elsewhere. The modern “writer 
of the tallies” is the electrically operated posting machine, 
which reeords the deposit in pass-book and on audit sheet and 
dates and identifies each entry by account number and teller’s 


svmbol, all within one minute, 


Developmental Recitation in General Science* 


By Warrer R. Kuxers. 


Ix the teaching of general science, it sometimes happens 
that a pupil will ask, at the beginning of the class period, a 
question which will upset, or at least change, the regular plans 
of the teacher for that particular recitation. Especially is if 
true, if this question is of a kind which may lead to fruitful 
results if followed out to its final conclusion. Such a ques 
tion was asked, and it led to the development of the following 
recitation. Consequently, this recitation differs from the ordi 
nary recitation in that the pupils had made no previous prepa 
ration and it was based entirely on their experience. 

At the beginning of the recitation period, one of the pupils 
asked the following suestion: “Has the moon an orbit around 
the orbit of the earth or around the earth itself?’ It was 
evident to the teacher that by working with this question it 
would be possible to turn out enough subordinate questions 
and points to meet the following general science aims: 

A. To show the relationship between the sun, moon, and 


the earth. 


*From Educational Research Circular, No. 47, Univ. of Illinois Bulletin. 
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B. ‘To show the position that these three bodies must occup 
in the universe in order to have an eclipse of the sun, 
and of the moon. 

C. To explain the following related phenomena: 

a. The seasons, night and dav. 
b. Cireumferenee of the earth’s orbit. 

The teacher suggested to the members of the class that thev 
write on the blackboard some of the things they knew con- 
cerning the sun, moon, and the earth. The following informa 
tion was furnished by the pupils, representing the sum total 
of their knowledge of the subject matter: 

1. Most of the pupils had seen an eclipse of the sun. 

2. Few had seen an eclipse of the moon. 

3. All were familiar with night and day, and the seasons. 

tL. One pupil had heard of eravity. 

5. Three pupils stated that there was another foree which 
held the universe together, and that this foree was called 
eravitation. 

6. All pupils stated that an ordinary year contained three 

hundred and sixty-five days. 

7. Two pupils stated that every four years there was a vear 
which had three hundred and sixty-six davs, and that 
this vear was called leap-vear. 

8. Some stated that the sun and the moon had some influ- 
ence on the tides. 

. One pupil stated that the circumference of the earth was 
twenty-five thousand miles. 

10. One pupil stated the earth moved on its orbit, and that 
the turning of the earth and the inclination of the earth’s 


axis produced our days and nights and seasons. 


Using these ten statements as a basis for future develop 
ments, we turned our attention to the answering of the above 
mentioned question. We had to derive some definite state- 
ments regarding the loeation in space of the three bodies. 
“What must be the relation hetween the three bodies, class a 
One pupil stated that the earth had an orbit and that it trav- 
eled along this orbit. He volunteered to make a diagram on 
the blackboard, showing this relationship. 

His diagram showed the orbit of the earth: around this 
orbit there was another orbit larger than that of the earth’s, 
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along which the moon was supposed to travel. The sun was 
in the center of the diagram. 

This diagram gave us some idea of the relative locations 
of the three bodies in space, and the only thine ke had to do 
was to discover some means for determining whether or not 
this diagram represented the true state of affairs. The follow- 
ing question was asked: “Wonld it be possible to have an 
eclipse of the moon if this diagram represented the true con 
ditions?’ One pupil stated that in order to have an eclipse 
of the moon something must come in between the moon and 
the sun. “What must this something be?’ One pupil sug 
gested that since moonlight was reflected sunlight, the only 
thing that could come in would be the earth. All pupils saw 


that if the earth came in between the sun and the moon, the 


DIAGRAM I 


moon's 


Oréi T..«« 





earth’s shadow would be cast on the face of the moon, and 
would cause an eclipse. 

This would account for the eclipse of the moon. “But what 
about the eclipse of the sun?’ Here we had to derive another 
general statement and prove it, in order to make it applicable 
as a criterion for our recitation. Three pupils stated as fol- 
lows: “Well, now, if the earth had to come in between the 
sun and the moon in order to have an eclipse of the moon, 
something must come in between the sun and the earth, in 
order to have an eclipse of the sun.” “Can the moon come 
in?” asked the instructor. It was plainly to be seen that if 
the moon came in between the sun and the earth that a section 
of the sun’s surface would be shut off, and there would result 
an eclipse of the sun. In this manner we derived the follow- 
ing criteria for judging whether or not the diagram made by 


the pupil was correct: 
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A. An eclipse of the moon will result when the earth somes 
in between the moon and the sun and easts its shadow 


on the moon. This eclipse will take place only when 
they are all in@y straight lineé. 
Bb. An eclipse of the sun will result when the moon comes 


in between the sun and earth, and shuts off a part of 
the sun’s surface from view. This will take place only 
when they are all in a straight line. 


We applied the two criteria to Diagram I, and found that 


n between the sun and the moon, and 


the earth will come 
that if the three bodies are in a straight line, an eclipse of the 
moon will result. Next we tried to find out whether or not 
there could be an eclipse of the sun. On examining the dia 
gram we found that the moon could never come in between 
the sun and the earth. It was evident that the diagram could 


not satisfy the criterion for the eclipse of the sun. 


DIAGRAM II 


earth's 
orbé ~~ \)_ earth 
— Qi .moon 


or$it--- 


The next question was: “What rearrangement can we make 
in this diagram, so that the moon will come in between the 
other two bodies and cause an eclipse of the sun?’ One pupil 
stated that the orbit of the moon should be inside of the earth’s 
orbit. This pupil made a diagram on the blackboard express 
ing his idea of the relationship between the three bodies, His 
diagram is essentially the same as Diagram I, except that the 
orbit of the moon is inside of the earth’s orbit. (By inside 
is meant the side nearest to the sun.) 

Once more we applied eriterion A, this time to the second 
diagram, to see whether or not the earth will @»me in between 
the sun and the moon and cause an eclipse of the moon. On 
examining the diagram we found that the earth would never 
come in betwee nthe other two bodies and cause an eclipse of 
the moon. 


Next we tried to find out whether or not the moon would 
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come in between the earth and the sun, and cause an eclipse 
of the sun. On examining the diagram we found that the 
moon would come in between the earth and the sun, as its 
orbit was inside that of the earth’s orbit. The second dia- 
gram would meet the criterion for the eclipse of the sun, but 
would not meet the criterion for the eclipse of the moon. 
Consequently we had to abandon this diagram and look for 
something better,—one which would satisfy both of the criteria. 


The teacher asked the following question: “How can we 
combine these two diagrams in such a way as to meet both of 
the criteria?’ For a while there was thoughtful silence; then 


one pupil stated that the moon’s orbit was not around the orbit 
of the earth, but around the earth itself. This pupil made 
a new diagram on the blackboard. He located the sun in 
the center of the diagram, the orbit of the earth around the 
sun, and the orbit of the moon around the earth itself, instead 
of around the orbit of the earth as in the two previous dia 
grams. We analyzed this new diagram to see if it would meet 
the two criteria previously worked out. 





DIAGRAM III. 








---™moon 
--—earth 





---moon’s orbit 


Z.---earth’s orhit 


We found that the earth would come in between the sun and 
the moon, and cause an eclipse of the moon. This met one of 
the criteria. Next we tried to see whether or not the moon 
would come in between the earth and the sun, and cause an 
eclipse of the sun. We found that it would. This satisfied 
the second criterion. Of the three diagrams this was the only 
one that would meet the given conditions. 

We had developed a diagram showing the location, arrange- 
ment, and relation to one another of the three bodies. We 
also had developed an explanation for the eclipse of the moon 
and the sun, not from a diagram as worked out by someone 
else, but by combining our common experiences and common 


sense. 
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There remained some other questions to be answered. One 
of these questions was: “What must be the circumference of 
the earth’s orbit?’ We found in Diagram ITI that the earth’s 
orbit was around the sun. One pupil asked: “What happens 
when the earth has made a complete journey around the sun 
on its orbit?’ One pupil stated that when the earth makes a 
complete trip around its orbit that it means the completion 
of a year. Reversing the question, it would mean that it took 
the earth exactly a year to make a complete journey around 
the sun. One pupil stated that it was not true, as some years 
had three hundred and sixty-five days, and that every fourth 
vear had three hundred and sixty-six days. There was silence 
for a moment, then one pupil stated that it took more than 
three hundred and sixty-five days for the earth to make a 
complete journey around its orbit. One pupil stated that per- 
haps it took three hundred and sixty-five days and six hours 
for the earth to make a complete round trip. These six hours 
were not counted until the fourth vear, when a whole day was 
added to the year. This sounded reasonable, and so we ac- 
cepted that as a final statement. Still the question asked at 
the beginning of the paragraph remained to be answered. One 
pupil suggested that if we knew at what rate the earth trav- 
eled on its orbit we could caleulate the circumference of the 
orbit. The teacher had to supply them with the necessary 
information that the earth traveled at the rate of 18.5 miles 
per second. One pupil stated that we must know, in addition 
to the rate of travel, the number of seconds that there are in 
any given year. We assumed that it took the earth three 
hundred and sixty-five days and six hours to make a complete 
journey around its orbit. Using that data, we found that the 
circumference of the earth’s orbit was about 600,000,000 miles. 


In addition to basing’ the recitation on the experience of 


the pupils, there was plenty of opportunity given for them to 
express themselves on any phase of the subject. 

At the the end of the period each pupil felt that he or she had 
contributed something toward the completion of the lesson. 
The teacher, during the whole recitation, led the class to dis- 
cover the right answer by suggestions or criticisms of their 


reasoning, 


























ANNOUNCEMENT 


of Importance to the Educational Field 
Involving a New Arrangement Providing for a Better Service 
to Users of Electrical Instruments 


An arrangement has recently been concluded between 


THE WESTON ELECTRICAL INSTRUMENT CORPORATION 
and 


THE CENTRAL SCIENTIFIC COMPANY 


Whereby the Central Scientific Company becomes exclusive distrib 
utor and depositary to edueational institutions for the Weston 
Electrical Instrument Corporation 


As a result of this arrangement, the Central Scientific Company 
will place the facilities of its trained technical merchandizing organ 
ization behind the distribution of Weston electrical instruments, to 
the exclusion of all other electrical instruments. 


ADVANTAGES OF THIS ARRANGEMENT 
TO EDUCATIONAL USERS OF ELECTRICAL INSTRUMENTS 


(1) In accordance with its policy, the Central Scientific Compan wil 
carry at its various branches large stock of Weston electrical! instrument 
of the models commonly used in educational work and will therefore be 
able to make prompt delivery on all orders 

(2) The technical representatives of the Central Scientific Compa 
will be in position to make suggestions and give advice regarding the 
selection of proper measuring instruments for various laboratory purpose 





(3) The engineering department of the Central Scientific ( npal 
will co-operate with the engineering department of the Weston Electri 
Instrument Corporation in the development of such new models as are 
quired to serve the needs of the educational trade, 


(4) The Central Scientific Company will maintain a well equipped re 
pair department for Weston instruments, in charge of a skilled instrumen 
maker thoroughly trained in the construction and repair of these instru 


ments. Users of Weston instruments are privileged to make full se ¢ 


this repair service, the charges for which will be based entirely on the 
cost of the time and matrials used 

(5) Through the combined effort of the two organizations, t« nical 
bulletins will be prepared from time to time dealing with the construction 
and usé of electrical measuring instruments This informatior will be 
helpful and valuable to teachers of physics and applied electricit 


This arrangement puts at the service of science teachers the com- 
bined knowledge and training of these two leading organizations in 
the scientific field. making available a vast fund of information and 
scientific knowledge to which every teacher will have free access. 


You are cordially urged to write for catalogs and bulletins describing 


the type of instruments in which yolu are interested and to com- 


municate freely regarding any problems which may arise involving 


the use of electrical measuring instruments. 


CENTRAL SCIENTIFIC COMPANY 
Exclusive Distributor and Depositary for Educational Institutions 
of Weston Electrical Instruments 


70 Fifth Avenue 460 East Ohio Street 1151 Market Street 
NEW YORK, NEW YORK CHICAGO SAN FRANCISCO, CALIF. 























Pennsylvania Science Teachers Organize 


More effective organization of science teachers of Pennsyl- 
vania was definitely gotten under way at meetings held in 
Harrisburg, December 29 and 30, in connection with the con- 
vention of the Pennsylvania State Education Association. It 
was decided that the science organization would identify itself, 
for the present, as the Science Section of the P. S. E. ‘ 
holding a central convention jointly with the annual meeting 
of the State teachers’ association, and holding zone meetings 
in conjunction with various district conventions of that asso- 
ciation, throughout each year. 

The first zone meeting of science teachers this year will be 
at Bloomsburg, Pa., on Saturday morning, March 12, at which 
time Prof. W. L. Eikenberry, Science Department, East 
Stroudsbure State Normal School, is scheduled to lead the 
discussion on topics of vital interest to science teachers. This 
meeting is in connection with the northeastern district con- 
vention of the P. S. EB. A. 

There will be science teachers’ meetings also in connection 
with district conventions at York, Pa., Mareh 18 and 19; at 
Pittsburg, Pa., March 23; and at Philadelphia, March 30 to 
April 2. The western district science teachers are well organ- 
ized, as the Langley Association of Science Teachers. It is 
planned to make the activities of this live organization a model 
for state-wide gatherings of science teachers. In order to 
attempt a greater unity of effort, the State science teachers’ 
convention at Harrisburg, December last, elected as State 
President, Mr. C. A. Gorgas of Peabody High School, Pitts- 
burgh, Pa., who is likewise president of the Langley Associa- 
tion. The State secretary is Mr. Clarence E. Baer, New 
Castle Senior High School, former president of the Langley 
Association and an active worker likewise in the move for 
state-wide organization. 

The next central convention of State scienee teachers will 
he held in connection with the P. S. E. A. annual meeting at 
Laneaster, Pa., December next, 

There was an overflow meeting at Harrisburg at the central 
meeting of seience teachers, December last. The addresses 
were given by Dr. J. A. Foberg, State director of mathematics 
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IT’S THE CANDLE POWER 
THAT COUNTS 





Milvay Arc Illuminator 


(800 Candle Power) 


The results obtainable with an illuminator in Optical Disk work 
depend on candle power. ‘Thirty-two candle power is the present 
limit in a highly concentrated filament incandescent lamp, and 
such a filament is only an approximate point source. ‘The are in 
the Milvay Illuminator rates 800 candle power—25 times more 
powerful than the nearest competing incandescent lamp. Besides 
it is a true not an approximate point source. ‘This big difference 
explains why physics teachers using the Milvay Illuminator are 
getting such wonderful results in all Optical Disk werk. It ex 
plains why the demand for Milvay Scientific Instruments keeps 


é you haven't the Milvay Cataleg send for it today. 
Milvay Scientific Instruments 





CHICAGO APPARATUS COMPANY 


1735 NORTH ASHLAND AVENUE CHICAGO, ILLINOIS 
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and science of the Department of Public Instruction of Penn 
svlvania, on “Science in the Junior High School,” and by 
Dr. Otis W. Caldwell, director of the Lincoln School of New 
York City, on “The Tendencies in Science Teaching.” L. Paul 
Miller, Central High School, Seranton, Pa., presided. W. A. 
McCune, William Penn High School, Harrisburg, Pa., served 
as vice-president, and Clarence E. Baer, New Castle Senior 
High School, as secretary. G. N. C. Henschen, William Penn 
High School, was in charge of visits to loeal industries. There 
were trips of special interest to The Metropolitan-Edison plant 
at Middletown, at which the powdered coal process is being 
installed for the operation of units of 35,000 kilowatts each, 
and to the Middletown Aviation Depot of the United States 
Army, Major Weaver in charge, at which repairs to Liberty 
motors and planes are being made on an extensive scale. 

Prof. W. L. Eikenberry of East Stroudsburg presided at a 
Science dinner, during which the plans for State organization 
were put into operation. Among impromptu speakers, in addi 
tion to the names already mentioned, were: Dr. Gerald Wendt, 
dean of School of Chemistry and Physics, State College; Dr. 
S. C. Sehmueker, West Chester; L. J. Ulmer, Lock Haven 
State Normal School; and John A. Hollinger, director Nature 
Study, Pittsburgh. ; 

The following have been named by Mr. Gorgas to serve on 
a committee on. state-wide organization of science teachers, 
whose particular function is to aid in arranging science meet 
ings in various convention districts: Dr. Gerald Wendt, State 
College, chairman; Dr. Edward E. Wildmar, Philadelphia ; 
B. B. Herr, Laneaster; L. A. Armogost, Erie; Dr. John Hol 
linger, Pittsburgh, and Dr. W. L. Eikenberry, East Strouds 


burg.—Reported by L. Pavt Miiuer, Neranton., 


Graduate Training 


The School of Chemistry and Physies of Penn State College 
has a limited number of opportunities for high-grade men to 
earn their way while completing their graduate training in 
physics or chemical engineering. 

If interested, apply to G. L. Wendt, Dean, Penn State 
College, State College, Pennsylvania. 











A STRONG CIVIC SCIENCE SERIES 


A VIGOROUS up-to-date series suitable 

for boys and girls from twelve to fifteen 
years of age, giving them an understanding 
of many of the useful applications of science 
in everyday life and at the same time teach- 
ing them the fundamentals of science. The 
aims of these books are: practical scientific 
knowledge, straight thinking, sound charac- 
ter and good citizenship. 


Richly Illustrated 


CIVIC SCIENCE IN THE HOME, 416 pages, $1.40 
CIVIC SCIENCE IN THE COMMUNITY, 432 pages, $1.40 


CIVIC SCIENCE IN HOME AND COMMUNITY, 
527 pages, $1.60 


CIVIC SCIENCE MANUAL, 368 pages, $1.20 


By G. W. HUNTER, Knox College, Galesburg, Illinois 
and 
W. G. WHITMAN. State Normal School, Salem, Massachusetts 


Either of the first two books is a complete unit and 
may be used independently of the other but together they 
make a splendid series in two years cf science for boys 
and girls twelve to fifteen years of age. 


AMERICAN BOOK COMPANY 


NEW YORK CINCINNATI CHICAGO BOSTON ATLANTA 














The New Books 


Indian Designs and Symbols—Charles Frederick Whitney—55 pages 

75e (in lots of 10 or more, 60c)—published by the author, Normal 
School, Salem, Massachusetts. 

The book gives 55 pages of Indian designs accompanied by text 
interpreting the designs and symbols. The drawings are _ illustra- 
tive of: 1, Natural Phenomena; 2, Natural Features; 3, Man and 
Animal Life; 4, Birds and Butterflies; 5, Occupations; 6, Myth, Le- 
gend and History. This material has been found not only useful 
but fascinating in the study of history, geography, language, art, 
etc. Pupils enter readily into the spirit of the Indians and inter 
pret the symbols at once. 

How the World Rides—-Florence C. Fox—81 pages—illustrated 
Bulletin, 1926, No. 8—25c—Superintendent of Documents, Government 
Printing Office, Washington, D. C. 

This pamphlet contains a series of projects on vehicular transpor- 
tation for elementary schools. Geography, history, science, litera- 
ture, music, and art are school subjects that have some contributions 
to make to this subject, “How the World Rides.” The author has 
focused these different branches of study upon one general theme 
of transportation. Elementary teachers will find much to help them 
in this work. 


Elements of Physics—-Millikan, Gale and Pyle—509 pages—483 illus- 
trations—$1.64—Ginn and Company. 

The chief aim of the book, in the words of the author, is “To pre- 
sent elementary physics.in such a way as to stimulate the pupil to 
do something on his own account about the hows and whys of the 
physical world in which he lives.” This book includes the subject- 
matter relating to the everyday life of the pupil. The material is 
so arranged that a short course may be given by using the coarse 
print only. The recent applications of physics, and reference to the 
work of men who have made the history of physics, are stimulating 
features, while questions, problems and summaries add to the effec- 
tive teaching value of the book. 


The Sciences, Revised Edition—FE. S. Holden—224 pages—198 illus- 
trations—84ce—-Ginn and Company. 

This is a science reader for voung children, written in dialogue 
form. It will interest children, and is full of useful science knowl- 
edge about such things as the stars, planets, meterology, states of 
matter, the atmosphere, the steam engine, images, shadows, sound, 
magnets, simple applications of electricity, and chemistry. It is a 
very readable book in any grade from the sixth to the eighth. 


Conquering the Air—Archibald Williams—315 pages—illustrated 
12 half-tone plates and numerous line cuts—$2.00—Thomas Nelson 
and Sons. 

This book should he placed on your general science reference 
bookshelf. It has the historical material besides the facts of present- 
day aviation that will be very helpful in all class discussions of air 
transportation. It is a readable book, suitable for junior high chil- 
dren. Some of the chapter titles are as follows: Fire Balloons; Gas 
Balloons: First Crossing the English Channel by Air; Dirigibles; 
First Attack on the Atlantic; Pioneers of Mechanical Flying; First 
Crossing of the Atlantic by Air; To New York and Back; London 
to Australia; First Non-stop Flight Across America, Aireraft in Polar 
Regions; First Flight Around the World; Life-Belts of the Air. 
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VAN BUSKIRK and SMITH’S 


THE SCIENCE OF 
EVERYDAY LIFE 


A few of the places using this text: 


Boston, Mass. Waterbury, Conn. 
Providence, R. I. Rochester, N. H. 
Fall River, Mass. Vontpelier, Vt. 
Vewton, Mass. Pawtucket, R. 1. 
Vewport, R. 7. Veriden, Conn. 


The most striking and commendable feature of the book is the 
eminently successful way it has combined the cultivation of the 
scientific attitude of the pupil with the furnishing of a fund of 
valuable information respecting the science of everyday life. It 
would be difficult to see how this could be done better.—F. E. Goope.. 


in the Journal of Chemical Education, 


New York, N. Y. | itlantice City, N. J. 
Baltimore, Md. Dover, Del. 
Pittsburgh, Pa. Princeton, N. J. 
Buffalo, N. Y. Erie, Pa. 
Wilmington, Del. Rochester, N. Y. 


The subject-matter of this text is drawn from the everyday envi- 
ronment of boys and girls, and has a definite unifying principle 


everyday needs, 


Chicago, Jil. Oberlin, Ohio 
Detroit, Mich. Kalamazoo, Mich. 
Cedar Falls, lowa Bloomington, Ind. 
Npringfield, Ill. Quincy, JU. 
Toledo, Ohio | Yankton, S. D. 


The insistence upon individual and careful observation is, in my 
judgment, one of the most valuable lessons of the book.—Lovuis DErr, 


Professor of Physics, Massachusetts Institute of Technology. 


San Francisco, Cal. | San Diego, Cel. 
Portland, Ore. Santa Parbara, Cal 
Tacoma, Wash. Bozeman, Vont. 
Salt Lake City, Utah Galveston, Texras 
Phoenix, Ariz. Wilmington, N. C. 


HOUGHTON MIFFLIN COMPAN \ 


Boston New York Chicago Dallas Francisco 
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Hygiene Florence L. Meredith, M.D.—719 pages—268 illustrations 

$3.50—P. Blakiston’s Son and Company. 

This is an elementary college text and an exceptionally good one. 
The laboratory work suggested to accompany the textbook study is 
the daily life of the student. The author strives to make this a 
real personal study to add to one’s store of health, and it is not just 
a book study of anatomy and physiology. 


There are 48 chapters, separated into four groups or parts: 1. In 
troduction (66 pp.); 2. Anatomy and Physiology (164 pp.); 3. Path- 
ology Conditions (71 pp.): 4. Hygiene (384 pp). The appendix gives 


the chemical composition of American foods, table of 100 caloris 
portions, and a bibliography. 


King-Clark Foods Test $1.00 per 25 World Book Co. 

This is a standard measure of students’ knowledge and ability in 
the essentials of a course in foods or ccoking. It serves the several 
purposes of any achievement test. Its specific uses and the method 
of its construction and standardization are pointed out in the Manual 
of Directions 


Instructional Tests in Algebra, With Goals for Pupils of Varying 
Abilities—Raleigh Schorling, John R. Clark and Selma A. Lindell 
72 pages—28 cents—World Book Company, Yonkers-on-Hudson, N. Y. 

These Instructional Tests in Algebra, prepared by Doctors Schor- 
ling and Clark, make it possible for teachers of first-year algebra to 
utilize well-accepted principles from the psychology of drill in im- 
proving the skill of students in algebraic computation. There are 
52 different practice exercises in the book, covering all the essential 
skills of a first-year course. Standards or goals have been set up. 
based upon the actual performance of large numbers of students, 
and these standards are given for three different levels of ability, 
the bright, the average, and the backward. Teachers of algebra 
should find these instructional tests not only the means of increasing 
the proficiency of their students, but also of saving their own time 
and of interesting students in their own improvement. 


Physiology and Biochemistry in Modern Medicine—Fifth edition 
J. J. R. Macleod—1054 pages—291 illustrations and 9 plates in color 
$11.00—C, V. Mosby Company, St. Louis. 

This is a “guide to the application of the truths of physiology in 
the bedtime study of disease,” but also “may be used as a textbook 
of physiology for students of medicine.” The chapters on blood, res- 
piration, ductless glands, and metabolism, have been rewritten to 
bring them up to the latest advance of knowledge. Other chapters 
have been revised and much new material added. There are 103 
chapters in all. The book is divided into ten parts, as follows: 1. 
The physicochemical basis of physiological processes; 2. The blood 
and the lymph; 3. The neuromuscular system; 4. The special senses; 
5. Circulation of the blood; 6. Respiration; 7. Digestion; 8. The excre- 
tion of urine; 9. Metabolism; 10. The endrocine organs or ductless 


glands. 


Commercial Raw Materials—Charles R. Toothaker—308 pages—5 
illustrations—$2.00—Ginn and Company. 


n_ 





This book is not only interesting reading to those who like to know 
the sources of things, but extremely valuable as a school reference 
book or a text in commercial geography. It covers foods, beverages, 
medicines, oils, fibers, skins, woods, gums, metals, and non-metallic 
elements. 
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The UNIVERSITY 
WISCONSIN 


Summer Session 1927 





General Session—June 27 to August 5. 
Fees: $22 (Graduate School $30) 


Special Graduate Courses—June 27 
to August 26. Fee: $45 


Law School—June 20 to August 26: 
Fee: $35 


Courses in all colleges, leading to the 
Bachelor's and Higher Degrees and pro- 
viding opportunity for professional ad- 
vancement. 

Special Courses for Teachers of Gen- 
eral Science, and Courses, both elemen- 
tary and advanced, in all the Sciences. 


Favorable Climate—-Lakeside Advantages 
For literature, address 


Director Summer Session 
MADISON, WISCONSIN 


Back Numbers 
of 
General 
Science 
Quarterly 


Complete Your Files— 
Vol. 1, $1.25 Vol. 6, $1.50 
Vol. 2, $1.25 Vol. 7, $1.50 
Vol. 3, $2.50 Vol. 8, $1.50 
Vol. 4, $1.50 Vol. 9, $1.50 
Vol. 5, $2.50 Vol. 10, $1.50 


The first ten volumes bound in buckram 


can be supplied at $26.00, postpaid 


General Science Quarterly 
State Normal School 


Salem, Mass 











SARGENT 
handbook Series 


AMERICAN PRIVATE SCHOOLS 
A GUIDE BOOK FOR PARENTS 


A COMPENDIUM FOR EDUCATORS 


10TH EDITION 1925-26 
1088 PAGES. 12 MAPS. $6.00 


SUMMER CAMPS 


AN ANNUAL SURVEY OF THE SUMMER 
CAMPS AND ALL MATTERS PERTAIN- 
ING THERETO. 


3RD EDITION 1926 
EA. 784 PAGES, 8 MAPS. $5.00 


PORTER SARGENT 
11 BEACON ST. BOSTON, MASS. 








Teachers, We Place You 
In the Better Positions 


I 
ROCKY ITT TEACHERS’ 
AGENCY 
410 U.S. Nar. BANK BLDG. DENVER, COLO. 
ESTABLISHED 1906 





Wm. Rurrer, Ph.D., Manager 


Branch Offices: 


Portland, Oregon 
Kansas City, Mo. 
Minneapolis, Minn. 


We Enroll Only Normal and College Grad- 
uates. Photo copies made from original, 
25 for $1.50. Booklet ‘* How to Apply 
and Secure Promotion,’’ with Laws of Cer- 
tification of Western States, etc., free to 
members, 50c to non-members. Every 
teacher needs it. Write today. 
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Kimbruo of the Pig Bradley M. Patten—323 pages 168 illustra 
tions-—$3.50—P. Blakiston’s Son and Co. 

Mammalian development is easily shown in laboratory by means 
of pig embryos. ‘The developmental processes are emphasized in this 
book. The book will be found a valuable text and an invaluable 
assistant to go along with the laboratory work. The line and wash 


drawings are excellent, and there are two full pages in color. 
Palladiv’s Plant Physiology—Revised by B. FE. Livingston 360 page 
174 illustrations—$4.00—-P, Blakiston’s Son and Co. 


This revised edition of a standard work will be welcomed by all 


biology teachers and workers. General Science teachers will get 
much help from it. The book is divided into two parts: 1. Physiology 


of nutrition; 2. Physiology of growth and configuration. 


World Geography. Il. The Old World—¥F, M. MeMurray and A, F 
Parkins—3823 pages—289 illustrations and maps—The Macmillan Com 
pany. 

This is a companion volume to Book I, The New World, which 
appeared a short time ago. The conditions in parts of the Old 
World cause constant revision of our geographies. In this book 
we have the latest word regarding those countries which are in the 
state of flux. The maps also are thoroughly up to date. Helpful 
questions direct the study and thinking of the child. 


1 Manual in Preliminary Dieteties—Maude A. Perry—146 pages 
C. V. Mosby Company, St. Louis. 

This book contains a series of lessons as given in a preliminary 
dietetics course for nurses. The material covers fifteen lessons of 
three hours each. The topics discussed in each lesson are: 1, Feeding 
the sick, nutrition, beverages; 2. Foods, principles, sanitation, meth- 
ods of cooking, demonstrations; 3. Milk: 4. Eg@s; 5. Carbohydrates, 
cereals; 6. Carbohydrates, vegetables; 7. Carbohydrates, fruits; 8. 
Meat, fish, poultry; 9. Bread: 10 Frozen desserts; 11. Food require 
ments, menu making; 12. Meal planning, light and liquid diets; 13. 
Diet for infants, food for the aged; 14. Food values, charts and 
tables, computations; 15. General review, additional recipes, list of 
suggestive equipment. 


Hospital Housekecning and Sanitation—Nora P. Hurst 155 pages 

$1.25—-C. V. Mosby Company, St. Louis. 

This book was written primarily for hospital training schools, but 
will be useful to general housekeepers, school economics classes, and 
in public schools. The chapter headings give the key to the con- 
tents of the book: Cleaning and _ polishing interior furnishings; 
Equipment and arrangement; Heating and ventilating; Lighting and 
plumbing; Disposal of garbage; Household pests; Laundry; Care of 
linen; The clothes room; Hospital supplies. 


Living Things—A. G. Clement—488  pages—illustrated—lIroquois 
Publishing Company. 

This book gives an elementary treatment of the functions of living 
things, namely: functions of relation, of nutrition, and of reproduc- 
tion. It is treated in five parts: 1. Principles; 2. Applications of 
principles to animals; 3. Application of principles to man; 4. Appli- 
eation of principles to plants; 5. Application of principles to human 
interests. 














MODERN BUSINESS 
GEOGRAPHY 


By Ellsworth Huntington and Sumner W. Cushing 


Geography is presented in its relation to production, manufacturing 
{| consumptio1 \ { seography of the lower grades reviewed 
entirely different line of approach and with new objectives Che 

method is peculiarly effective in reawakening interest in the subject 

\n unusually large number of exercises and problems are provide 

n the solution of which the student has a genuine part. The bool 

s designed for use in grades seven, eight, or nine, in eithe 

junior high school or a grammar and high school organizatio1 

Cloth. Svo. vitit 352 pages. Illustrated. Price $1.96 


World Book Company 


Yonkers-on-Hudson, New York 2126 Prairie Avenue, Chicago 














First Annual Session of 


THE INSTITUTE OF CHEMISTRY 


Under the auspices of the 
AMERICAN CHEMICAL SOCIETY 
JULY 4 - JULY 30, 1927 


Daily Lectures and Conferences on the 
Chemistry of To-day by 


National and International Authorities 
Undergraduate, and Graduate Courses 
and Research 
HELD IN CONJUNCTION WITH 
PENN STATE SUMMER SESSION 
For special Bulletin of the Institute, address 


G. L. WENDT, Director 


Institute of Chemisty 


State College, Pa. 














Supplementary Science Sheets for Pupils 


Besides our reeular standard science magazines, there are no\ 
three science sheets offered at prices which should make them avail 
able to each member of the class. These all give valuable supple 


mentary Scie nce material. 


Ncience News Letter. Weekly. sist and B Streets, Washington, D. ¢ 
This gives interesting information from all fields of science. 
Articles are classified as to the field of science. Here you find 
Ip-to the-minute science. In lots of 10, the cost is 6 ets. a copy 

(‘urrent Serence, Weekly. 1123 Brondwav. New York City. We are 
vlad to welcome this newest of our classroom helps his nique 
little seience folder comes perforated, ready for binding in covers 
which are furnished free by the publishers, and, as its name 
implies, it brings ou an aceount of the outstanding current 


science events of the day and other science items of interest. 


cents a copy in lots of 30 copies 


The cost is abou 


Neienece Classrooi Monthliv. This has demonstrations and sugges 


tions helpful to teachers, and references to articles in Popular 


Science Monthly for pupil use. Much help is given in the method 
of using magazine articles in the classroom. he cost is 25 cents 
a vear (10 copies) 


Science Articles in Current Periodicals 


[These classified article should make valuable supplementary reading for 
the pupils Ir ome cases the material is in such form that it would be 
too difficult for mar of the pupils to abstract the matter for themselves 
In such cas¢ the article ma be read by the teacher and passed on to the 
pupil in cla Ss ire tar ) 


\IRPLANES 
Exploring th Earth’s Stratosphere. Nat. Geog, Mage.. 50:7 
Dec, 1926, 
Oblique Aerial Surveying 
1926, 





in Canada. Geog. Rev., 16:568, Oct. 


Progress in Air Transportation, Coml. Amer., 23:5:17, Nov. 1926 


\STRONOMY 
The Romantic Search for “Pocket” Planets. Sei. Amer., 136:1:9, 
Jan., 1927. 
Children of the Sun Sci. Amer., 156:6, Jan. 1927. 
Marvels of Interplanetary Space. Sci. and Inv., 14:987, Mar, 192 
To the Moon at Seven Miles a Second. Pop. Sci. Mon., 110:2 :29, 
Feb. 1927. 
\ Twenty-five Foot “Eye.” Sci. Amer., 185:174, Sept. 1926. 
RAIN 
The Meaning of the Brain. Sci. Amer., 136:1:13, Jan. 1927. 
BRICK 
Brick Through the Ages. Gar. and Home Builder. 24:357, Jan., 
1927. 
Brick in the Garden Picture. Gar. and Home Builder, 44 :362, 
Jan. 1927. 
Brick as a Fireproof Material. Gar. and Home Builder, 44 :386, 
Jan. 1927. 
Lengthening the Life of Brick. Gar. and Home Builder, 44 :390, 
Jan. 1927. 
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Have Your Students Seen 
The New Science Paper ? 


Its name is 


CURRENT SCIENCE 


Issued weekly, in looseleaf form, this paper gives the 
subject matter for acquainting students with recent devel- 
opments in the Science field. It supplements your text, 
providing an organized lesson based on current science 


happenings. 


CURRENT SCIENCE helps to fix the habit of “keeping 


aa ee ; 
up” with science. 


It is being used in general science classes as well as in bi- 


ology, chemistry, and physics classes. 
Free notebouk covers are given the students so each may 


build a permanent textbook in current science. 


Copies of the next issue will be sent for 
your class free of charge. Request copies 
on the blank below. 


LOOSELEAF EDUCATION, Inc. 
1123 Broadway, New York City 


Send free of charge, copies of the next issue of CURRENT SCIENCE. 


I have students in my classes. 


Name 


Address 
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CHEMICAL ELEMENTS 


Building Blocks of 


CHINA 
Links Between 
Oct 1926, 
CiTRUS INDUSTRY 
Chemistry of the 
3:1117, Oct. if 
Coat 


Liquid Coal Soone 


Crystals of Fire. 
DIVING 
Man’s New Conque 


1927. 
DYESTUFFS 
The Growth of tl 
1926. 
The Dye Industry 


Foops 


Two Decades of Food Law 


Dec. 1926. 
History of United 
Dec. 1926. 
FuR 
Collection of Furs. 
Fur Dressing. Jo. 
Fur Dyeing. Jo. 


GARDENS 


When You Plant Your Florida Garden. 
1927. 
‘n into the Sun Room. 
Feb. 1927. 


Vegetable Gardening on a Time Schedule 


44:379, Jan. 
Carrying the Garde 
$4:461, 


Builder, 44:451 
GASOLINE 
Thrills in the 
1927. 
HEALTH 
Light and Health. 
Modern Sinus Tron 
Relation of Anim 


Ancient China and the West. 


Hunt for Black Gold. 


al Diseases to 
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the Universe. Sci. 


Geog. Re 


Citrus Industry in California. Jo. 


Jan. 
Mar. 1927. 


or Later. Lit. Dig., 92:2 :22, 
Mon.. L3O23B 211. 


Pop. Sei. 


st of the Deep. 


ie Dyestuffs Industry. Jo. 


in America Jo, Chem. Ed., 3 :1128, 


Enforcement. Amer. 


States Food Laws. \mer. 


to. Home Econ., 18:691, Dee. 1926. 


Home Econ., 19:16, Jan. 1927. 
Home Econ., 19:75, 


Feb. 1927. 


sasis, 
, Feb. 1927. 


Jo. Fran. Inst., 203:1-10, Jan. 1927 


Jan, 1927. 
Public 


ible. Hygeia, 5:3, 


Health, 9:9, Jan. 1927. 


“Health Glass” f¢ 
Feb. 1927. 
LIGHTING 
*Twenty Years of 
1078-1152, Dee. 
MILK 
Story of Milk. 
PHOTOGRAPHY 
*Practical 
Convenient 


Kinema 
Photo 


How Shall I Set the Shutter. 


PRIESTLEY 
Priestley’s Life in 
Ed., 4:145-199, 


Coml, 


xr Our Windows. Pop. Sci. Mon., 


Lighting Progress. 


1926. 

Amer., 23:6:17, Dee. 1926. 

Photo 3, Feb. 

Photo Era, 58:67, Feb. 
Photo Era, Feb. 


tography. Era, 58:7: 


Finishing. 


Northumberland, and other articles. 
Feb. 1927. 


Vv. J 


Pop. Sei. Mon., 110: 


Food Jo., 


Food Jo., 


Gar. and Home 


Pop. Mech., 47 :393, 


Health. The 


Trans. Ill. Eng. 


Feb. 


1 


8, 1 


9.9 


Chem, Ed., 


Oct. 


9 


Gar. and 


1927. 


6 :614, 


Chem, Ed., 


927 


3 27973, 


1926. 


21 :561, 


1 :564, 


Builder, 


Gar. and Home Builder, 


Home 


March, 


Nation’s 


116 


Sor 


1927. 


1927. 


192 


Jo. 


32 316, 
be’ Bas 
Chem. 





Feb. 
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The BOOK of KNOWLEDGE 
The Children’s Encyclopedia 


New Edition + Revised + Expanded 


? VOLUMES, including Index Volume of 31,000 References. 

7,800 pages, 1,000 more pages than in any previous edition. 
15,000 pictures, 5,000 more than in any other edition; 1,200 pictures 
in gravure, 2,200 in color. Children’s anthology of 1400 poems, rhymes 
and songs with music. The poetry is listed in a separate author— 
title—first-line Index. 


18 Great Departments 
The Earth. Familiar Things. Plant Life. Animal Life. Our Own Life. 
The United States. All Countries. Stories. Literature. Famous Books. 
Golden Deeds. The Fine Arts. Men and Women. Canada. Poetry. 
Helps to Learning. Things to Make and Things to Do. Wonder. These 
eighteen simple divisions bring within reach of the child’s mind the im- 
portant and essential knowledge of the world, guiding the young reader, 
step by step, from the simplest facts to the more difficult ideas and truths. 

Graded Courses of Study 

Introductions by Angelo Patri 
Study outlines, questions linking school subject-matter to incidents of 
everyday life, achievement and false-true tests. Arranged by Isabella 
Stewart and Harry A. Krail, Assistant Principals, Public School 45 
Bronx, New York. 


MAILED FREE— 32-Page Booklet 





THE GROLIER SOCIETY, Depfz. % 


Articles 2 West 45th Street, New York 
and , 
3 You may send me, free, your new 32- 
Pictures page book of Articles, Pictures, Stories 
Reprinted and Poems from The Book of Knowledge. 
from 
Nam 
The Book of 
Knowledge Address 
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PRUNING 
Pruning Fruit Trees for Fruit. Gar. and Home Builder, 44:471, 
Feb. 1927. 
RADIO 


\ New Alliance—Phonograph and Radio. Lit. Dig., 92:8:21, Feb. 


1927. 

“Hello London.” Phone Spans Atlantic. Pop. Mech., 47:353. 
Mar. 1927. 

Hope oft Seeing by Racio Brought Nearer Fact Pop. Mech.., 


17:359, Mar. 1927 


Radio Along the Airways. Sci. Amer., 136:32, Jan. 1927. 
Radio’s Silver Screen: Wireless Vision. Sci. Amer., 136:106, Feb. 
1927. 
What is the Best Loud Speaker, and Why? Radio News, 8:1106, 
March, 1927 
\, B and C Battery Eliminators. Sci. and Inv., 14:1034, March, 
1927. 
SCIENCE TRACHIN 
Method of Teaching Oxidation and Reduction Reactions. Jo. 
Chem. Ed., 4:223, Feb, 1927. 
Inorganic Chemistry for the Home Economics Classes. Jo, Chem 
ed... 71144, Oct. 1926, 
’roject Method Applied to Nature Study. Jo. Ed. Meth., 6:216, 
Jan. 1927. 


Method of Increasing Interest and Providing for Individual Dif- 
ferences in High School Science Laboratory. School Rev.. 
34:782, Dec. 1926. 

Method of Teaching Chemistry. Sehool Rev., 34:591, Oct. 1926. 

Practical School Health Program, Jo. Ed. Meth., 6:103, Nov. 


1926, 
ScoUuTS 
Cooking in the Snow. ‘ood and Health Ed., 22:2, Jan. 1927. 
SOUND 
Seeing Sound. Lit. Dio., 92:6:23, Feb. 5, 1927. 


‘TELEVISION 
Television by New French System. Sei. and Inv., 14:988, Mar. 
1927. 
WATER SUPPLY 
Sewage and the Water Supply. THygeia, 5:90, Feb. 1927 


Origin and Growth of Public Water Supply. Part Il. Amer. 
City, 36:49, Jan. 1927 


WELDING 
Terrific Temperatures in Welding. Lit. Dig., 92:6:25, Feb. 
1927. 


WHAT TO MAKE 


Paper Steam Engine. Sci. and Inv., 14:1028, Mar. 1927. 
Miniature Voleano. Sci. and Inv., 14:1028, Mar. 1927. 
Home-Made Balance Weights. Sci. and Inv., 14:1023, Mar. 
Simple Steam Engine Sei. and Inv., 14:1916, Feb. 1927. 
Parchment Paper. Sci. and Inv., 14:1916, Feb. 1927. 

A Simple Electric Furnace. Sci. and Inv., 14:919, Feb. 1927. 
An Atomizer. Sci. and Inv., 14:922, Feb. 1927. 

\ Mystery (Camphor) Boat. Sei. and Inv., 14:922, Feb. 


llow to File Door Kevs. Pop. Sci. Mon., 110:2:109, Feb. 


1927. 






































The Problem of Vivifying Science— 


Science, probing the unknown universe, writes its findings 
in cryptic language. A stellar galaxy shining faintly in the 
heavens hides its splendor and its immensity in numbers 
and formule ; a minute germ has thrust upon it a long Latin 
name. With the aid of such scientific shorthand and such 
technicalities, science pushes on to new discoveries and 
new heights. 


@ Yet the facts and the methods of science must penetrate 
and permeate the whole fabric of civilization if the world 
is to become an increasingly better place to live in. The 
child in the school particularly must know, appreciate, 
understand and cherish the spirit of research and the power 
of thought. 


7 translate and interpret — that is the function of SCIENCE 
Service. The thrill and wonder of science reaches many 
millions daily through SCIENCE SERVICE news dispatches, 
magazine articles and books. 


@ And for the teacher, the student, the scientific enthusiast, 
the weekly SCIENCE NgEws-L&TTER has been established. 
The SCIENCE NEwS-LETTER is a living text-book that will 
vitalize science study. Each week it will bring to your 
classes a summary of the organized science knowledge of 
the world. For the price of one text-book you can obtain 
in the Ng&ws-Lk&TTER, matter that fill Ave large books. 
During the past four years thousands of copies have been 
used in science classes throughout the country. 

(Arrange to use it in your science classes. Individual subscriptions are $5.00 a year, 


10 cents a week. But for use in classes, when ten or more subscriptions are sent to 
the same address, the price is only 6 cents a week.) 


Special Introductory Offer—13 weeks for $I 


Just clip a dollar bill to this blank, fill in your name and ad- 
dress and mail at our risk. Ask for sample copy, at least. 





To SCIENCE SERVICE, 21st and B Sts., Washington, D. C. 
Make me acquainted with the SCIENCE NEWS-LETTER for 13 weeks. 
Here is my dollar. Send me free samples for my class. 
Name as isieasentneiedl 
Address 





























Magazine List 


imerican City. 443 Fourth Ave., New York City. Monthly. $4.00 a 
year, 50¢ a copy. The science problems of city and rural com- 
munities are treated in numerous articles, well illustrated. A 
valuable student and teacher reference, 


The American Food Journal. 468 Fourth Ave., New York City. 
Monthly. $3.00 a year, 25¢ a copy. Articles on food manufac 
ture, food legislation, and experiments in nutrition. 


Commercial America. Philadelphia Commercial Museum, Philadel 
phia, Pa. $2.00 a year. Ill Commercial production. New inven 
tions. Will interest commercial geography and science teachers. 

The Educational Sercen. 5 South Wabash Avenue, Chicago. Monthly. 
20e a copy, $1.50 a year; with “1000 and One Films,” 
Discusses the use of motion pictures, slides, and other visual aids 
in our schools; gives brief descriptions of educational films, and 
lists of theatrical films which are suitable for children. The 
journal is entirely educational, having no commercial affiliations. 


$1.75 a year. 


Garden and Home Builder. Garden City, N. Y. Monthly. 35c¢ a copy, 
$3.00 a year. Ill Helpful to amateur gardeners, home makers, 
teachers and pupils. 


General Science Quarterly. Salem, Mass. Quarterly. 40c a copy. 
1.50 a year. The only journal published devoted alone to science 
in the elementary and secondary schools. It tells what schools 
are doing in science, gives lesson plans, demonstrations, and an 
extensive bibliography of usable articles in current periodicals. 


The Geographical Review. Broadway at 156th Street, New York. 
Quarterly. $1.25 a copy, $5.00 a year. Devoted to scientific geog- 
raphy. Original maps and piectures. One department contains 
condensed items of topics of current interest. 


The Guide to Nature. Sound Beach, Conn. Monthly. 15¢ a copy, 
$1.50 a year. Ill. Of interest to elementary pupils and teachers 
of nature study. 

Hygeia, 535 North Dearborn St., Chicago. Monthly. 25¢ a copy, $3.00 
a year. Popular articles on individual and community health. 
A valuable supplement to classroom work in hygiene. 

Industrial and Engineering Chemistry. Box 505, Washington, D. C. 
Monthly. 75e a copy, $7.50 a year. A technical journal which 
contains much material which teachers can use. 





Journal of Chemical Education, Kodak Park, Rochester, N, Y. 
Monthly. $2.00 a year. Promotes chemical education; primarily 
a journal for the chemistry teacher. Digests of activities of 


chemical associations. 

Journal of the Franklin Institute. Philadelphia, Pa. Monthly. 50¢ a 
copy, $6.00 a year. Ill, A technical journal. Contains many 
articles of value to science teachers. 

Journal of Home Economics. 617 Mills Bldg., 700 17th Street N. W., 
Washington, D. C. Monthly. 25¢ a copy, $2.50 a year. For 
teachers. 

‘he Literary Digest. 354 Fourth Ave., New York. Weekly. 10¢ a 
copy $4.00 a year. Has a department, “Seience and Invention.” 
Articles are mostly digests from other journals. They are popu- 
lar in nature and suitable for high school pupils. 


994 


























bt ttl °° <> 00 <P ee S00 a 06 a 00 00 a 08 a 08 a 08 a 0 a 08 a Oe Oe 


CLARK and BREWER 


EXCELLENT POSITIONS for Science 
Teachers at attractive salaries 


COLLEGE WORK for teachers with 
advanced degrees. 


REGISTRATION is permanent cov- 
ering all offices. 





Every teacher placed during our 44 years 
of work accepted the BEST position avail- 
able through any and all avenues of help. 


May we help you? 
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CHICAGO PITTSBURGH 
64 East Jackson Boulevard 5024 Jenkins Arcade 

KANSAS CITY NEW YORK -: 
New York Life Building Flatiron Building 
BALTIMORE MINNEAPOLIS ! 
211 North Calvert Street Globe Building ! 
‘ 
SPOKANE : 
Chamber of Commerce Building ' 
‘ 
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National Geographic Magazine. Washington, D. C. Monthly. 50¢ a 
copy, $3.50 a year. Best monthly journal for high-grade pictures. 
Articles are of interest to general readers, pupils and teachers, 


as well as to geographers. 


The Nation’s Health, 22 East Ontario Street, Chicago, Ill. Monthly. 
$3.00 a year, 25c a copy. An illustrated magazine devoted to 
community, industrial and institutional health problems. Very 
helpful to the science and hygiene teacher. 

Popular Mechanics Magazine. Chicago. Monthly. 25¢e a copy, $3.00 
a year. Short science items and articles, well illustrated. Ap- 
peals strongly to elementary pupils. Suggests many construction 
problems. 

Popular Science Monthly. 225 West 39th Street, New York City. 
Monthly. $2.50 a year, 25c a copy. A review in text and pictures 
of the news of science and invention, presented in a humanistic 
and inspirational way. Used as a supplement to text-books in 
many high schools. Valuable to science pupils and teachers. 


Radio News. 53 Park Place, New York City. 25¢ a copy, $2.50 per 
year. Monthly. A practical periodical for all who are interested 
in radio. Gives radio progress, new hook-ups, and gives much 
help to one who may wish to construct his own set. 

Safety Engineering. 119 Nassau St., New York. Monthly. $3.00 a 
year, 25c a copy. A journal devoted to conservation of life and 
property, and contains much material helpful in science classes. 


School Science and Mathematics. Chicago. Monthly. $2.50 a year. 
A teacher’s journal. Includes many helpful suggestions. 


Science Classroom. Issued by “Popular Science Monthly,” October 
to June. 25¢ a year. A’ valuable teacher’s aid, giving lesson 
plans, experiments, and many reference suggestions for secodary 
science teachers 

Scientific American. Woolworth Building, New York. Monthly. 35c 
a copy, $4.00 a year. Has longer articles than the other popular 
science journals. Illustrated. Particularly valuable to high 


school science pupils and teachers. 


Science and Invention. 53 Park Place New York City. Monthly. 
25e per copy, $2.50 a year. Ill. Popular articles on astronomy, 
physics, photography, radio-activity, medicine, and, in fact, science 
in general. 

Scientific Monthly, Garrison, N. Y. 50c a copy, $5.00 a year. Arti- 
cles, as a rule, are more along lines of pure science. Much of 
value to teachers. Articles can be read to advantage by many 
pupils. 

Science News-Letter. Science Service, 1115 Connecticut Ave., Wash- 
ington, D. C. Weekly. 10¢ a copy $5.00 a year. Gives a valu- 
able current summary of the progress of science, in a form usable 
in science classes. 

Transactions of the INuminating Engineering Society. 29 West 39th 
Street, New York. Monthly. $1.00 a copy, $7.50 a year. Tech- 
nical. Many articles contain material which can be used in high 


school classes. 





Send for free catalogue of lowest clubbing rates or place your subscription for any magazine directly to 
STUDENTS MAGAZINE AGENCY, Detroit, Michigan 


————‘‘A Service for Schools, Teachers and Students’’ 














